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Dilcoron 
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for Sustained coronary vasodilation cnt 
protection against anginal attack 


SUBLINGUAL 


for Immediate relief from anginal pain 


DILCORON contains two highly efficient vasodilators 
in a unique core-and-jacket tablet. 

Glyceryl trinitrate (nitroglycerin)—0.4 mg. (1/150 grain) 
is in the outer jacket—held under the tongue until 

the citrus flavor disappears; provides 

rapid relief in acute or anticipated attack. 

The middle layer of the tablet is 

the citrus “flavor-timer.” 


Pentaerythritol tetranitrate —15 mg. (1/4 grain) is in the 
inner core—swallowed for slow enteric 
absorption and lasting protection. 


For continuing prophylaxis patients may Bottles of 100. 
swallow the entire Dilcoron tablet. 
Average prophylactic dose: 1 tablet four times daily. 


Therapeutic dose: 1 tablet held under the tongue 
until citrus flavor disappears, then swallowed. 
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improve blood supply 


provide prolonged vasodilatation 


after a coronary 


Improved blood flow to the myocardium, after a coronary thrombosis, promotes 
development of essential collateral circulation, thereby helping to repair damage. 


Peritrate, 20 mg. q.i.d., safely increases coronary blood supply without appreciably 
changing blood pressure or pulse rate. Its routine use in management of the post- 
coronary patient will provide safe, effective vasodilatation and prevent anginal attacks 
often encountered in the convalescent period. 


Peritrate 20 ma. 


(Brand of pentaerythritol tetranitrate) 
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Frankel and Strider’ report: 
“Intravenous Priscoline gave 
excellent to good results in over 
90% of our cases.” 


“Priscoline hydrochloride intra- 
venously is an effective agent in 
the treatment of acute and 
recurrent acute subdeltoid bursitis.” 


The 150 patients in this study 
were given 1 ml. (25 mg.) 
Priscoline, by intravenous injection, 
daily from 1 to 3 days. Excellent 
results (relief gained immediately 
or within 24 hours; painless 
rotation of arm) were achieved in 
71 patients. Good results (no 
sedation required; partial 
movement of arm without discom- 
fort) were obtained in 68 patients. 
Eleven patients had no relief. 


Patients’ ages ranged from 22 to 
85 years. Calcification was 
present in varying degrees in 82 
cases. Sixty-nine patients 
reported previous attacks and 
had been treated unsuccessfully 
with X-ray, hydrocortisone 

and other agents. 


The authors suggest it is the 
sympatholytic action of 
Priscoline which relieves pain by 
chemical sympathetic block. 
Further, ‘Priscoline may, through 
its vasodilating ability, promote 
the transport of calcium 

away from the bursa.” 


“We can especially recommend 
its use in cases where X-ray 
therapy or local injection 

of hydrocortisone has failed.” 


1. Frankel, C. J., and Strider, D.V.: 
Presented at Meeting of American 
Academy of Orthopaedic Surgeons, 
New York, N.Y., Feb. 3, 1958. 
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PRISCOLINE® hydrochloride 
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Editorial 


Rheumatic Fever in the Adult: Criteria and Implications 


HAT THERE is no specific test for rheu- 

matic fever is well known. This would 
require no emphasis were it not for the dog- 
matism with which this diagnosis is often 
made at the bedside on the basis of nonspe- 
cifie clinical findings. The report of The Coun- 
cil of Rheumatic Fever! entitled ‘‘ Jones Crite- 
ria (Modified) for Guidance in the Diagnosis 
of Rheumatic Fever”’ states clearly, ‘‘ There is 
no specific laboratory test. The diagnosis 
must therefore be arbitrary and empirical.’’ 
In a disease with the serious implications of 
rheumatic fever, a diagnosis that is necessar- 
ily ‘‘arbitrary and empirical’’ calls for cau- 
tion and restraint, not dogmatism. 

This editorial is prompted, in part, by a 
large and continuing experience with over- 
diagnosis of rheumatic fever, especially in 
adults beyond the age of 25. More particu- 
larly it is intended to cast doubt on the belief 
that rheumatic fever in such adults is fre- 
quently followed by rheumatic cardiovalvular 
disease as it is in children. Overdiagnosis is 
usually due to failure to adhere to established 
diagnostic criteria such as those of The 
Council on Rheumatic Fever or to realize the 
limitations of the so-called major criteria and 
the nonspecific character of the so-called 
minor criteria, such as increased erythrocyte 
sedimentation rate, presence of C-reactive 
protein, and prolongation of the P-R interval 
of the electrocardiogram. Diagnostic error 
has also resulted from equating an elevated 
titer of antistreptolysin in the serum with 
active rheumatic fever, instead of limiting its 


significance to preceding infection with the 
hemolytic streptococcus. 

The diagnosis of rheumatic fever is regard- 
ed as highly probable in the presence of at 
least 2 of the 5 major criteria. Chorea, sub- 
cutaneous nodules, and erythema margina- 
tum, which form the 3 most distinctive and 
specific major criteria, are observed relatively 
frequently in children with rheumatic fever, 
but rarely in adults beyond the age of 25. 
Thus in adults the diagnosis must rest on the 
basis of the fourth major criterion, arthritis, 
a nonspecific manifestation of varied cause, 
and the fifth criterion, carditis, the oceur- 
rence of which is difficult to demonstrate in 
the adult. 

In most adults past 25, the diagnosis of 
rheumatic fever is based on the diagnosis of 
arthritis alone. Its rheumatic etiology is 
justified by exclusion of other causes of 
arthritis, by the therapeutic effect of salicy- 
lates on the arthritis and the associated 
fever, and often also by the history of a 
preceding sore throat and the presence of a 
high titer of serum antistreptolysin. But di- 
agnosis by exclusion may be unreliable be- 
cause it is doubtful that we know all the 
forms of arthritis or that we can always dis- 
tinguish the forms that are known. Not very 
long ago the arthritis associated with dissem- 
inated lupus erythematosus without the rash, 
arthritis associated with erythema nodosum 
and unrecognized ulcerative colitis, and ar- 
thritis associated with periarteritis nodosa 
or with sarcoidosis, to mention a few exam- 
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ples, were erroneously diagnosed as rheumatic 
fever. It is surprising how often a response 
to salicylates is regarded as convincing evi- 
dence of rheumatic fever. 

There is inadequate awareness of the tenu- 
ous basis on which rheumatic carditis is diag- 
nosed in the adult beyond the age of 25. Ac- 
cording to the modified Jones criteria, car- 
ditis may be indicated by one or more of the 
following manifestations, all of which, in 
my experience are subject to conflicting in- 
terpretations : 

A. Murmurs: a significant apical systolic 
murmur, apical diastolic murmur, or basal 
diastolic murmur, in the absence of previous 
rheumatic fever or pre-existing cardiovalvular 
disease; a change in character of the mur- 
murs in individuals with previous rheumatic 
heart disease. The distinction between a sig- 
nificant and insignificant apical systolic mur- 
mur is almost always uncertain, especially 
during a febrile disease. Yet in practice the 
diagnosis of rheumatic carditis in adults is 
most commonly based on the presence of an 
apical systolic murmur or a presumed alter- 
ation in its character. Change in character 
of the murmur is a matter of subjective inter- 
pretation; there is frequent disagreement as 
to its occurrenee. Other factors besides rheu- 
matic valvulitis may account for the change. 
For these reasons change in the character of 
a systolic murmur should be abandoned as a 
criterion of rheumatic carditis. As for a di- 
astolic murmur, its presence in the adult is 
almost always the result of preceding rheu- 
matic fever and indicates mitral stenosis or 
aortic regurgitation; at least such an inter- 
pretation cannot be excluded. 

B. Pericarditis. Since idiopathic pericar- 
ditis is being recognized with increasing fre- 
quency, the presence of pericarditis can no 
longer be regarded as specific evidence for 
rheumatic fever in the adult. 

C. Congestive Heart Failure. Most physi- 
cians appear to be unaware that the modified 
Jones criteria quite properly list congestive 
heart failure as a criterion of rheumatie car- 
ditis only in patients below the age of 25. 
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Beyond that age heart failure is most prob- 
ably due to other causes that cannot be 
excluded. 

D. Increasing Cardiac Enlargement, dem- 
onstrated by x-ray examination. In practice 
this is rarely the basis for a diagnosis of rheu- 
matic carditis in the adult. When it occurs, it 
is most probably due to a nonrheumatic peri- 
carditis or to congestive heart failure, and 
the latter cannot be regarded as indicating 
carditis in the adult. In summary, carditis, 
which would represent an essential criterion 
for the diagnosis of rheumatie fever in the 
adult beyond age 25, is either absent in cases 
diagnosed as rheumatie fever or it is based on 
unsatisfactory evidence. 

These considerations raise doubt as to the 
reported frequency of rheumatic fever in the 
adult who has passed the age of 25. But even 


if the reported incidence is correct, one may 


question whether this disease in the adult 
portends the same dire consequences as in 
the child or warrants the same measures for 
prophylaxis and treatment. The clinical im- 
portance of rheumatic fever is dependent, 
not on the arthritis, the chorea, the subeu- 
taneous nodules, and the erythema margina- 
tum, which virtually always subside without 
residuals, but on the cardiae involvement and 
the serious consequences of subsequent rheu- 
matic cardiovalvular disease. Rheumatie fe- 
ver in the child is followed in a large major- 
ity of cases by chronic valvular heart disease. 
In a series of 1,000 cases followed by Bland 
and Jones,* 65.3 per cent had signs of valvu- 
lar disease on recovery from the initial ill- 
ness, whereas 44 per cent of the remainder 
had acquired signs of valvular disease by the 
end of 20 vears. If rheumatic fever in the 
adult over 25 is to be regarded as an equally 
significant disease, it must be demonstrated 
that it, like the disease in childhood, is fol- 
lowed in the majority of cases by chronic 
rheumatic cardiovalvular disease. In more 
than 20 years I have never observed a patient 
with so-called rheumatic fever after the age 
of 25 who, when first seen, had no history of 


rheumatic fever or signs of valvular heart 
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disease and yet subsequently developed signs 
of chronic rheumatic cardiovalvular disease. 
In patients with pre-existing valvular disease, 
evaluation of possible further rheumatic val- 
vular damage is extremely difficult and I 
have seen no unequivocal example of such an 
occurrence in the adult. 

These experiences have led to the belief that 
the so-called rheumatic fever in the adult 
past 25 differs in some essential manner from 
that in the child or, perhaps more likely, that 
it differs in failing to elicit the cardiac re- 
sponse, which is the important feature of the 
disease. The most reliable evidence of sig- 
nificant rheumatic fever is the development 
of mitral stenosis or aortic regurgitation fol- 
lowing the attack, as a rule within 1 or 2 
years. Since such a sequence has not been 
demonstrated in the adult to my knowledge 
and has not occurred in my experience, it is 
questionable whether the adult type of ar- 
thritis which is termed rheumatic fever 
should be given this name with its ominous 
implications of cardiovalvular disease. It 
may be preferable to diagnose it as idiopathic 
arthritis or, if it follows a (hemolytic) strep- 
tococcus A infection and is associated with a 
very elevated serum antistreptolysin titer, it 
may be termed post-streptococeal arthritis. 

Follow-up studies have indicated the pre- 
eminent importance of the diastolie murmur 
and the questionable importance of the sys- 
tolic murmur in both children and adults 
with rheumatie fever.* Sixty-six per cent of 
96 children and adolescents without previous 
heart disease, in whom a definite diastolic 
murmur appeared or disappeared during the 
acute attack developed rheumatic heart dis- 
ease within an average period of 4.8 years. 
Among 52 similar patients who developed a 
new, loud apical systolic murmur radiating 
to the axilla, or a questionable diastolic mur- 
mur, only 29 per cent developed rheumatic 
heart disease. Among adults with an initial 
attack of so-called rheumatic fever a new di- 


astolie murmur is extremely rare. In many 
of the cases in which chronic rheumatic heart 
disease (mitral regurgitation) is diagnosed on 
the basis of an apical systolic murmur, one 
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may question the diagnosis or the significance 
of the murmur. Thus, for 391 patients who 
had been diagnosed as having mitral insuffi- 
cieney after an attack of rheumatic fever, the 
over-all annual mortality rate after the age 
of 20 was 2.76 per thousand which was 
not significantly different from the death rate 
of 3.1 per thousand in the United States pop- 
ulation as caleulated for the same age dis- 
tribution. The comparable annual death 
rates for those with mitral stenosis and those 
with combined mitral and aortic lesions were 
7.8 and 29 per thousand, respectively. 
Frequently the diagnosis of rheumatic fe- 
ver or rheumatic activation is made in the 
adult with rheumatic valvular disease on the 
basis of fever alone. Thus an erroneous di- 
agnosis of rheumatic fever was commonly 
made in cases of bacterial endocarditis. In 
many patients with mitral stenosis who were 
awaiting operation mitral commissurotomy 
was denied or delayed too long because the 
presence of fever was wrongly interpreted 
to signify active rheumatic fever. In most such 
cases the fever was due to pulmonary em- 
bolism, patchy bronchopneumonia, or to viral 
bronchopulmonary infection. The develop- 
ment or progression of heart failure in the 
adult with rheumatic heart disease is often at- 
tributed to active rheumatic fever, especially 
if the patient is febrile. These diagnostic 
concepts are based on the traditional teach- 
ing that rheumatic fever is a_ persistent, 
chronic disease with a tendency to recrudes- 
cence throughout life. This teaching in turn 
was based on postmortem findings of Aschoff 
bodies in the myocardium of patients in the 
third to sixth decades who died of rheumatic 
heart disease and heart failure long after the 
overt, acute attacks of rheumatic fever. The 
Aschoff body was interpreted to signify ac- 
tive rheumatic fever. This interpretation and 
the concepts based on it are no longer ten- 
able, since biopsy specimens of left atrial ap- 
pendages have disclosed a high incidence of 
Aschoff bodies, without relation to the elin- 
ical picture and subsequent course, leading 
to the conclusion that the presence of Aschoff 
bodies cannot be regarded as evidence of 
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clinically active rheumatic fever. If further 
studies support evidence that there are fresh 
and senescent Aschoff bodies that can be dif- 
ferentiated by special stains,® the fresh As- 
choff body may be found to be acceptable as 
a pathologic criterion of clinically active 
rheumatie fever. 

in conclusion, it is emphasized that rheu- 
matic fever is a disease whose clinical and 
public health importance is based on the sub- 
sequent development, in about 75 per cent of 
cases, of mitral stenosis, aortic insufficiency, 
or both. In adults beyond the age of 25, rheu- 
matic fever is rare when judged by this eri- 
terion of subsequent valvular disease. In such 
adults rheumatie fever should be diagnosed 
only when 2 of the major criteria of Jones 
(modified) are present, which mean essen- 
tially arthritis and carditis, but carditis in 
the adult should be diagnosed only on the 
appearance of a diastolic murmur not pre- 
viously present. When nondeforming, febrile 
polyarthritis occurs without carditis in the 
adult after a streptococeus A infection, when 
it is associated with a high serum antistrep- 
tolysin titer, when it promptly responds to 
salicylate therapy, and when other causes of 
arthritis are excluded, it should be termed 
post-streptococcal arthritis, not rheumatic 
fever, because mitral stenosis and aortic re- 
gurgitation rarely if ever follow such arthri- 
tis. In order to avoid errors in diagnosis and 
treatment, unexplained fever, pericarditis, 
or congestive heart failure in adults with 
rheumatic heart disease should rarely if 
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ever be attributed to activation of rheumatic 
fever. There is need for follow-up study of 
adults who experience their first attack of 
so-called rheumatic fever after the age of 25 
If it can be demonstrated that the character- 
istic valve lesions follow post-streptococeal 
arthritis in adults as frequently as in chil- 
dren, the traditional concept of rheumatic 
fever can be re-instated. But in the absence 
of such evidence the serious prognosis with 
respect to subsequent cardiae disturbance, 
the prolonged inactivation, and the continu- 
ous prophylactic therapy for rheumatic fever 
in childhood do not appear warranted in the 
adult past the age of 25. 
CHARLES K. FRIEDBERG 
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Clinical Study of Twenty-Three Cases of Ebstein’s 
Anomaly of the Tricuspid Valve 


By Geroutp L. Scuresuer, M.D., Pau Apams, JR., M.D., 
Ray C. ANpEeRSON, PH.D., M.D., Kurt Ampuatz, M.D., 
AND Ricuarp G. Lester, M.D. 


The clinieal findings in 23 eases of Ebstein's anomaly are presented, together with a 
diseussion of the diagnostie and surgical aspects of this defect. Attention is again drawn 
to the frequent occurrence of the Wolff-Parkinson-White electrocardiographie pattern in 


this anomaly. 


N 1937 Yater and Shapiro! reported a case 

of Ebstein’s anomaly of the tricuspid valve 
from this hospital. No further cases were 
recognized by our group until 1951, when we 
identified case 18 in the present series on the 
basis of Taussig’s* description of this anomaly. 
Since then, we have come to recognize this 
defect with increasing frequency, and have 
now studied a total of 23 cases apart from the 
case of Yater and Shapiro. Eight of these 
have had postmortem studies. All patients 
were examined by the staff of the‘University 
of Minnesota Hospitals. 

As originally described almost a century 
ago,*® the sine qua non of this valvular malfor- 
mation is that a portion or all of the leaflets of 
the tricuspid valve are displaced downward 
from the anatomic annulus separating the 
right atrium and the right ventricle. This 
defect has become a well recognized clinical 
entity. Our case material covers a wide spec- 
trum of clinical symptomatology and anatomic 
variety, thereby allowing a fairly comprehen- 
sive treatment of the subject. 


INCIDENCE 
The world literature now contains more 
than 140 eases of Ebstein’s malformation, and 
the rapidity with which new eases are being 
reported indicates that this anomaly is not 
uncommon. Maude Abbott’s* review of 1,000 
autopsied congenital heart lesions contained 
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at least 1 case. Keith and co-workers® sug- 
gested an incidence figure of 1:210,000 live 
births, and found this defect to constitute less 
than 1 per cent of all congenital heart defects. 


SEx Ratio 
Our series consists of 10 females and 13 
males, supporting the current concept that 
there is an equal sex ratio in this entity. 


PRENATAL HIsToRY 

Information on this subject was available 
in 19 of the 23 cases. In 12 of these, the preg- 
nancy was ‘‘uneventful’’ or ‘‘uncomplicated.’’ 
The other 7 reported the following incidents 
during pregnancy : nausea and vomiting in the 
first trimester with transient bleeding in the 
sixth month (ease 2), marked hypertension 
and premature labor preceded by hemorrhage 
(case 3), exposure to mumps during the sev- 
enth month of gestation (case 4), hypereme- 
sis gravidarum during the entire gestational 
period (ease 8), transient uterine bleeding in 
the third month (ease 9), malaria during the 
sixth week (case 10), and exposure to measles 
during the third month with a ‘‘few red spots 
on the arms’’ (case 12). In the absence of 
control data, it is not possible to evaluate the 
etiologic importance of these incidents. 


Famity History 

There have been no reports in the literature 
of multiple cases of Ebstein’s anomaly in the 
same family. Grob et al.® stated in their case 
report that ‘‘a cousin of the child’s mother’’ 
had acyanotie congenital heart disease. Blount 
et al.? and Bayer et al.§ reported cases that had 
a normal nonidentical twin. Blacket et al.® 
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Symptoms in Patients Surviving the 


Neonatal Period (18 patients) 


Symptom Number 


Remarks 
Dyspnea 18 None with orthostatic 
dyspnea” 


Cvyanosis : One of these (ease 2) had 


a closed foramen ovale 
Exeessive fatigue 


Neurologic Syneope in 5 (2 with exer- 


symptoms tion, 2 with paroxysmal 
tachyeardia, and 1 at rest); 


thromboembolic phenomena 


in 2; febrile convulsions in 


3; “*dizay apelis’’ im 1; 
transient visual loss in 1 

Cardiae failure Later or terminally in 6; 

with paroxysmal tachyeardia 


in 2; with nephrosis in 1 


Precordial or With exertion or emotional 
epigastric pain stress in 4, and with paroxys- 
mal tachyeardia in 3 
Paroxysms of Between paroxysms 4 had 
tachyeardia sinoatrial rhythm; 3 had the 
W-P-W pattern. Case 5 had 
paroxysm of tachyeardia at 
catheterization only 
Squatting 5 With exertion in 4; with 
paroxysmal tachyeardia in 1 


Headaches All with emotion or exertion 


Protracted cough In 3 after a bout of exertion 
Photophobia 


Failure to 
gain weight 


reported a patient whose older brother was 
known to have heart disease and died suddenly 
at the age of 17 while playing tennis. 

Detailed family information was available 
in 22 of our cases. There were no cases of 
congenital heart disease among the 44 parenis 
and 53 siblings. One patient (ease 7) had 
a maternal first cousin, once removed, who 
was shown to have a ventricular septal defect 
by cardiac catheterization. Otherwise, there 
were no known relatives with congenital heart 
disease. None of the cases was a member of 
twin pairs. 


There appeared to be no significant relation- 
ship to birth order, birth weight (none was 
premature by weight), age of mother, or 
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month of birth (though 14 were born in the 
6 month period from September to February, 
») being in December). However, the series is 
so small that these features cannot be prop- 
erly evaluated. 


NEONATAL SYMPTOMS AND SIGNS 


Twelve of our cases had symptoms or sigis 
of congenital heart disease during the neonatal 
period. 

Seven of our 8 autopsied cases fell into this 
category. In 5, a murmur and cyanosis were 
noted at birth or shortly thereafter, 1 (case 1) 
dying in 26 hours of severe cardiae failure. 
Another showed only a*murmur, and the last 
displayed cyanosis and ‘‘sluggishness’’ at 
birth and a paroxysm of supraventricular 
tachycardia at several weeks of age. 

Five of our living patients (data available 
on the neonatal period in 13) had either a 
murmur or cyanosis or both during the neo- 
natal period. In all, the neonatal cyanosis 
decreased or disappeared with the passage of 
time, but recurred later in life. 

Numerous authors®-*° have described eases 
with Ebstein’s defect with neonatal difticulties. 
Five cases dying in the first few days of life 
have been reported.®: 71.75 The cyanosis at 
birth and its gradual disappearance have been 
noted by Engle et al.** and Kilby et al.!* This 
transient cyanosis may represent a right-to- 
left shunt through the foramen ovale second- 
ary to normal high pulmonary bed resistance 
in the presence of a poorly functioning right 
ventricle. The cyanosis may then disappear or 
decrease with the normal drop in pulmonary 
resistance in early infancy. In addition, the 
normal decrease in hemoglobin level after 
birth may diminish the degree of cyanosis, so 
that the improvement may be more apparent 
than real. Unrecognized bouts of paroxysmal 
supraventricular tachyeardia with spontane- 
ous reversion may account for some cases of 
transient cyanosis. 


SYMPTOMS AFTER THE NEONATAL PERIOD 


Twenty-two survived the first 
month of life. Four of these (ranging in age 


from 4 to 11 years, cases 9, 10, 11, and 15) are 


patients 
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‘urrently asymptomatic. Of the remaining 
18 patients, 11 had symptoms in the neonatal 
period; in the others the onset of symptoma- 
ology was vague and indefinite. In case 23 
symptoms first developed at 30 years of age. 
As shown in table 1, dyspnea, cyanosis, and 
‘xcessive fatigue were the most common symp- 
oms. 


PHYSICAL FINDINGS 


Physique. The values for height and weight 
were plotted on the Iowa grid, with serial 
measurements available in most of the chil- 
lren. Six patients were above the 85th per- 
entile for both height and weight; 5 were 
below the 16th percentile ; and 8 were between 
these limits (table 2). Thus, as a group, pa- 
tients with this cardiac malformation show 
normal growth features. This is particularly 
true if cyanosis is absent, since none of the 
acyanotie patients was below the 16th percen- 
tile. Patients seen initially as adults had a 
normal weight for their age and height. 

Skin Color. Seven patients havesshown no 
cyanosis of the skin or mucous membranes at 
any time. One patient (case 2) showed cya- 
nosis only terminally, 3 had cyanosis only with 
exertion, and 12 had eyanosis at rest. All 
living patients who had cyanosis in the neo- 
natal period improved transiently, but now 
have eyanosis at rest or with exertion. As 
Kngle et al.** reported originally, cyanosis is 
uot closely correlated with exercise tolerance. 
Thus, 2 of our severely cyanotic adults do 
nanual labor without difficulty, while 1 of 
uur acyanotic adults (case 23) has definitely 
lecreased exercise tolerance. 

Unusual facial colorations such as ‘‘violace- 
us hue,’’* § 1? ‘flushed,’ ‘‘florid,’’® 2° and 
‘red-cheeked’’®: °° have been described in pa- 
ients with Ebstein’s anomaly. Similar ob- 
ervations have been made in our eases, often 
‘rior to the establishment of the correct diag- 
iosis. In our 23 cases, 10 showed a peculiar 
acial coloration, which may have diagnostic 
ignificanee somewhat :akin to the ‘‘malar 
lush’’ of mitral stenosis. 

Clubbing of the fingers was present in 6 
vatients, all cyanotic. 


TABLE 2.—Physical Findings in Ebstein’s Anomaly 


—Twenty-Three Cases 


Systolic murmur 
Pe equal or greater 
than A» 
Lungs clear to auscultation 
Cardiomegaly 
Normal physique 
‘«Triple’’ or ‘‘quadruple’’ 
rhythm 
Cvanosis (13 at rest, 3 only 
with exertion) 
Systolic thrill 
Diffuse point of maximal 
impulse 
Diastolic murmur 
‘*Split’’ first sound (Some had a 
tolic ejection 
‘“elick’’) 
**Metallic’’ or ‘‘clicking’’ 
heart tones 
‘* Facial erythema’’ 
Cardiac failure 
Normal chest contour 
Dyspnea at rest (6 terminal, 2 with 
paroxysnis of 
tachyeardia ) 
Localized point of 
mayimal impulse 
Clubbing 
Left chest prominence 
Bilateral chest prominence 
Visible thrust of chest 
Observed paroxysms of (2 at eatheteriza- 
tachyeardia f tion) 


‘Sear’? or ** weak’? 
peripheral pulses 


Pericardial friction rubs 


Chest Shape and Auscultation of the Lungs. 
Information on chest shape is available in 21 
of our 23 cases. Nine had a normal chest 
contour. Five were considered to have an 
increase in the anteroposterior diameter with 
bilateral chest prominence; 6 were reported 
to have left chest prominence; and 1, right 
chest prominence. Acyanotie patients invar- 
iably had a normal chest contour. 

In no case, even when cardiac failure was 
present, were rales heard in the chest. 
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Peripheral Vessels. The peripheral vessels 
were usually described as normal, although 
in 5 of the cyanotic patients the pulses were 
noted to be ‘‘fair’’ or ‘‘weak.’’ Blood pres- 
sures in the arms and legs were found to be 
within normal limits, except in 1 adult (case 
20) whose systolic arm pressure was 160 mm. 
Hg. In measuring the blood pressure, the 
diastolic end point was sometimes difficult to 
ascertain, particularly if the patient was eya- 
notice or in heart failure. Similar observations 
have been made by Blacket et al. and Kilby 
et al? 


In general, no specific observations were 
made regarding the neck veins. There was 
a definite presystolic pulsation of the neck 
vessels associated with tricuspid insufficiency 


in case 7, who was in severe congestive failure. 
However, pulsations of the liver were not 
noted. In 1 of our asymptomatic patients 
(case 9), a phlebogram showed evidence of 
tricuspid insufficiency. 

Cardiac Findings. Five of the patients had 
a visible thrust of the precordium. The point 
of maximal impulse was described in 19 eases. 
In 13 it was ‘‘diffuse,’’ but in the others it 
was ‘‘localized.’’ These observations could 
not be correlated with heart size. 

A systolic thrill was noted in 15 of the 23 
cases at the lower left sternal border or at 
the ‘‘apex.’’ In several cases the thrill was 
maximum over the displaced tricuspid valve 
as determined at cardiac catheterization. We 
agree with Blount et al.‘ that the ‘‘apex’’ 
represents the location of the tricuspid valve 
in an enlarged heart with leftward displace- 
ment of the valve. No diastolic thrills were 
noted. The intensity of the systolic thrill 
was poorly correlated with heart size, but 
was more prominent in the presence of cardiac 
failure. During open heart surgery in 2 pa- 
tients (cases 6 and 7), the thrill was felt over 
the huge right atrium during ventricular 
systole. Tricuspid valvular insufficiency was 
identified by direct observation. 

The heart rate varied normally with age, 
except during episodes of paroxysmal tachy- 
cardia. In only 3 cases was marked sinus 
arrhythmia noted (cases 10, 19, and 23). 


The heart sounds were variable. Soft and 
diminished heart sounds have been emphasized 
to be of diagnostic significance.” 77 We have 
found this feature only in a minority of cases, 
the heart sounds usually being of normal in- 
tensity. ‘‘ Metallic’’ or *‘clicking’’ heart tones 
were described in 10 patients. The ‘‘triple’’ 
or ‘‘gallop’’ rhythm so frequently described 
in the literature was noted in 18 of our 23 
cases, and in 6 of these the rhythm was re- 
corded as The triple rhythm 
is produced by a low frequency early to mid- 
diastolic third heart sound or soft murmur, 
usually maximal along the lower left sternal 
border or the ‘‘apex.” 


‘quadruple. ’’ 


The ‘‘quadruple’’ 
rhythm is caused by an additional presystolic 
sound or murmur. 

The first sound was noted to be ‘‘split’’ in 
11 of the patients. Characteristically, the 
second portion of the split first sound was 
louder than the first portion, suggestive to 
some observers of a systolic ejection click. 
Also, the widely split first sound plus a second 
and third heart sound led to the occasional 
description of a ‘‘quad:uple’’ rhythm. In 
children the second sound over the pulmonic 
area was usually described as ‘‘split’’ and 
louder than over the aortic area. In adults, 
the second sound over the pulmonic area was 
usually noted to be pure and equal in inten- 
sity to that over the aortic area. In no casé 
was the second sound described as being 
diminished over the pulmonic area. 

All our cases had a systolic murmur, al- 
though in 1 patient (case 2) it was not noted 
until 16 months of age. The maximal inten- 
sity of the murmur was always noted to be 
at the lower left sternal border, or from there 
to the ‘‘apex.’’ Again, we think that the 
location of the murmur depends upon the 
location of the tricuspid valve. The majority 
of the murmurs were of grade II to IIT inten- 
sity, but varied from a barely audible grade 
1 murmur to the grade V murmur. The 
intensity had no close relationship to heart 
size, but appeared to increase with cardiac 
failure. The quality of the murmur was also 
variable, only rarely being described as 
‘*coarse’’ or ‘‘seratchy.’’ 
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As previously noted, 18 of our cases had 
diastolic sounds. Eleven of these represented 
a discrete murmur, varying from protodias- 
tolic to presystolic in time, and variable also 
in intensity and quality. The usual location 
and greatest intensity were at the lower left 
sternal border or just to the left at the 
‘‘apex.’’ These diastolic sounds and murmurs 
were usually accentuated in the inspiratory 
phase of respiration, thus suggesting a tri- 
cuspid valve origin. 

A to-and-fro murmur was described in 3 
of our cases, as well as by others.®: }* 7? One 
of these (case 17) is still living; in the other 
2 patients (cases 4 and 7) postmortem exam- 
ination showed pericardial effusion and fibrin- 
ous pericarditis. This combination of peri- 
carditis and pericardial effusion, often bloody, 
has been noted by others,'* *°: 31 and has been 
attributed to extravasation of blood from the 
coronary veins because of increased venous 
pressure. On the basis of these observations, 
we believe that the to-and-fro murmurs in 
our cases were actually pericardial friction 
rubs. 

RouTINE LaBoratory FInpINGs 

The hemoglobin, erythrocyte count, and 
hematocrit were elevated in the cyanotic cases. 
Albuminuria was noted in individuals with 
cardiac failure and in the single patient in 
whom typical nephrosis was associated with 
Ebstein’s anomaly. Otherwise, routine lab- 
oratory studies were normal. 


ROENTGENOGRAPHIC FINDINGS 

We have found considerable variation in 
the cardiae contour on roentgenograms in pa- 
ients with Ebstein’s anomaly (figs. 1 and 2). 
in 4 instances we have obtained roentgeno- 
rrams within the first few days of life. In 
ase 1 the heart was markedly enlarged at 5 
iours of age, while in the others (cases 2, 3, 
ind 12) the heart contour was within normal 
imits. 

In the majority of our cases the cardiac 
ontour could be loosely grouped into 2 types. 
me group showed moderate cardiomegaly and 
‘ contour simulating left ventricular enlarge- 
nent in both the anteroposterior and left 


oblique views. Several of these were at first 
mistakenly diagnosed as mild aortic stenosis. 
The other group showed marked cardiomegaly 
and a boxlike contour. When this contour is 
present, it is highly diagnostic of Ebstein’s 
defect ; it is due to an almost horizontal take- 
off of the left border of the heart near the 
aorta, sometimes extending virtually to the 
left chest border. Right atrial enlargement, 
leading to enlargement of the upper right 
border, may also contribute to this squarish 
appearance. The bulging of the upper left 
heart border is probably due primarily to the 
displacement of the infundibulum of the right 
ventricle by the markedly enlarged right 
atrium, and to a lesser degree by dilatation 
of the outflow tract of the right ventricle. 
This same contour may be encountered in 
patients with valvular pulmonic stenosis and 
cardiae failure, rheumatic heart disease, or 
total anomalous pulmonary venous connection 
to the right atrium. 

The contours in some of our other eases 
resembled those seen in tetralogy of Fallot, 
tricuspid atresia, pulmonary atresia, or iso- 
lated pulmonary valvular stenosis. 

In case 2 no definite cardiomegaly occurred 
prior to her death with nephrosis at 214 years. 
Individuals with this malformation having a 
normal-sized heart have been reported by 
several writers.” 16, 26, 32-34 

The pulmonary vascular markings were al- 
ways normal or decreased. A close correla- 
tion exists between the degree of cyanosis and 
the decrease in the vascular markings. Even 
in eases with cardiae failure there was no 
increase in pulmonary vascular markings and 
no evidence of pleural effusion. The main 
pulmonary artery segment was often difficult 
to identify, and the aortic knob generally 
appeared small. However, both may be total- 
ly or partially obscured by the right-sided 
chamber enlargement. None of our cases 
showed roentgenographic evidence of left 
atrial enlargement, a very helpful sign in 
the exclusion of mitral valve lesions. Calcifi- 
cations in the atrioventricular ring may ap- 
pear both in Ebstein’s defect®* and in rheu- 
matic heart disease. 
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Fic. 1 Top. Tracings of chest roentgenograms of autopsied cases to show ecardiae contour and 
pulmonary vasculature. Numbers refer to case numbers 
Fig. 2 Bottom. " 


Tracings of chest roentgenograms of living patients to show cardiae contour 
and pulmonary vasculature. 
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Kymography showed the pulsations of the 
right side of the heart to be increased in some 
cases, and normal or decreased in others. They 
were not consistent enough to be of much 
diagnostie aid. 

A more detailed report of the roentgeno- 
graphic aspect of Ebstein’s anomaly is being 
published separately .*¢ 


ANGIOCARDIOGRAPHY 

Angiocardiography was performed here in 
cases 14 and 19 and elsewhere in case 6. 
Though our experience is limited, we agree 
with Kjellberg et al.** that peripheral angio- 
cardiography is probably of very limited val- 
ue, inasmuch as the contrast medium is so 
diluted in the large right atrium that anatomic 
details are difficult to visualize. Also, its po- 
tential danger to the patient!* '* undoubtedly 
outweighs its diagnostic usefulness. On the 
other hand, selective angiocardiography per- 
formed from the right ventricle might be use- 
ful in delineating the anatomic features of the 
right ventricle, but we have not done such a 
procedure in any of our cases. 


ELECTROCARDIOGRAPHIC FINDINGS 
Without Wolff-Parkinson-White Pattern 

(Table 3) 

Seventeen of our patients did not show the 
Wolff-Parkinson-White (W-P-W) pattern at 
any time, while 1 was variable in this respect. 
We have carried out a separate, detailed anal- 
ysis of the electrocardiograms in these 18 
cases (8 of whom had 2 or more tracings). 
All subsequent comparisons for children are 
stated in relation to Ziegler’s** normal values. 

The QRS axis was calculated on the basis 
f both area and voltage. The highly notched, 
slurred, and splintered QRS complexes make 
axis determination very difficult. The axis 
based on voltage is probably not meaningful, 
but that based on area may have greater sig- 


lificance. In our cases, the axis was usually 
right (including S,S2S; patterns), but several 
‘ases showed either a normal or left axis. 
The rhythm was usually sinoatrial, except 
‘or occasional atrioventricular nodal rhythm 


in case 19; and whenever sinoatrial bradyecar- 
lia (under 60) was present, cases 8 and 13 


developed atrioventricular dissociation. Only 
occasional nodal or ventricular premature 
beats were noted. 

Six of the children showed a prolonged P-R 
interval. None of the children under 16 had 
a consistently normal QRS pattern during the 
course of the clinical observation; 2 children 
(cases 2 and 11) were initially normal and 
progressed to an incomplete right bundle- 
branch block. Another (case 9) progressed 
from an incomplete to a complete right bundle- 
branch block. Of the 5 patients over 16 years 
of age, + showed right bundle-branch block, 
and the other had a normal QRS with sino- 
atrial rhythm and complete right bundle- 
branch block when nodal rhythm supervened. 
The right bundle-branch block configuration 
was frequently atypical. 

The uncorrected Q-T interval was normal 
in all but 3 patients. Case 1 had a prolonged 
Q-T for age and rate; cases 6 and 17 developed 
a prolonged Q-T interval as demonstrated by 
serial electrocardiograms. These latter 2 cases 
showed gradual prolongation of the P-R inter- 
val and the QRS duration, so that the pro- 
longed Q-T may have been due to the long 
QRS. 

Of the 18 cases, 14 showed maximum or 
higher than normal P waves, the peaking al- 
ways occurring in Vz and V3 if present at all. 
There was prominent notching or slurring of 
the P wave in only 4 cases. 

The duration of the P wave was increased in 
3 adults and 5 children. Van Lingen and 
Baversfeld®® postulated that the increase in 
the P-R interval was caused by, an inerease in 
the duration of the P wave, and that the P-R 
interval per se was not increased. Only 3 of 
our 6 cases with a prolonged P-R interval, 
however, had a P wave of abnormal duration. 

The 4 children showing both an increase in 
height and duration of the P wave have all 
died, while the 2 adults with these features are 
living. The 4 patients who have normal P 
waves in all leads are still living and rela- 
tively asymptomatic. Those 3 patients whose 
only abnormality is an increased height of the 
P wave in the precordial leads are only mildly 
symptomatic. Patients showing abnormally 





SCHIEBLER, ADAMS, ANDERSON, AMPLATZ, LESTER 


TABLE 3.—Electrocardiograms without W-P-W Pattern 


Max. 
Height dura- 
Axis* of tion P Height Intrinsicoid 
. xis interval QRS Pin inleads of P V:ipat- Highest deflec- Ve 
Voltage Area Rate Rhythm lead II lead II lead II I, II, II] in V2 tern R/SinV: tion Vi: pattern 


Shr. +100 +4110 140 Sinus 0.14 0.11 3.0 0.07 3.0 rsR’ / 0.08 RS 


1 mo. +180 +170 300 SVT 0.04 : — - 5 o/ 0.025 rs 
5 mo. 150 +150 145 Sinus 0.12 0.07 3. 0.07 5/ 0.015 RS 
= ST. 110) +110 115 Sinus 0.14 0.09 . 0.07 0/1. 0.04 qrs 


150 170 (107 Sinus 0.17 0.11 2.i 0.10 sr 3.3/2.2 0.08 rsR’s’ 
+180 +180 110 Sinus 0.22 0.13 i 0.09 : q 0.09 rsr’S’ 
+100 +120 1: Sinus 0.16 O10 32 0.08 2. 0.06 RS 

45 140 5 Sinus 0260 6012 = «658: 0.09 rs 0.10  qRS 

-100 135 95 Sinus 0.22 0.18 ‘ 0.11 5/2.8 0.12 qRS 
+120 +140 5 Sinus 0.20 0.15 af 0.12 s 3. 0.12 rsR’S’ 
+30 +105 Sinus or 0.18 0.13 3. 0.10 . 7 0.075 qRs 

’ dissociation 
+100 12 Sinus 0.13 0.09 B 0.08 B /2.5 0.06 qRs 
+100 8 Sinus 0.14 0.10 E 0.08 : 5/ 0.06 qRs 
+130 Sinus 0.16 0.08 re 0.08 .5/ 0.035 qRs 
+120 Sinus 0.18 0.09 ‘ 0.09 Ow 2. 0.035 qRS 
80 45 Sinus or 0.15 0.13 J 0.09 0 : 3.4/ 0.02 qRs 
dissociation 
150 5 Sinus 0.15 0.13 i 0.10 s . 0.07 qRs 
20 Sinus 0.12 0.10 é 0.09 3. s 4/ 0.02. qRs 
-35 Sinus 0.14 0.10 : 0.09 t s .4/4.5 0.10 Rsr’s’ 
-145 Sinus 0.19 0.12 “ 0.09 - - _ - 
-25 +180 Sinus 0.23 0.20 2. 0.09 2. 0.017 qRs 
+110 +110 H Nodal . 0.13 — . = 
+105 +110 Sinus 0.21 0.09 0.11 2. ‘ 0.055 Rsr’ 
+130 +140 Sinus 0.17 0.13 3. 0.11 5.0 8/ 0.055 Rs 
-30 +20 Sinus 0.20 0.14 a 0.09 2.0 rsr’ 0.10  qRs 
+150 +170 é Sinus 0.21 0.13 ; 0.11 4.0 — rsr’ 4/i 0.11 qRs 


+60 +45 Sinus 0.18 0.12 5 0.10 1.0 rsr’ 3/0. 0.07 qrs 


*Maximum instantaneous voltage and area of QRS were used for 2 independent determina- 
tions. 


TIntrinsicoid deflection in V; 0.07 second on tracing taken at the age of 9. 


high P waves in 8 or more of the standard the standard leads was of diagnostic value in 
electrocardiographic leads tended to have this entity, was confirmed in 4 of the 5 adult 
more severe symptoms or early death. cases, but was present in only 6 of the 13 

Noteching or slurring of the QRS complexes children. That these complexes may change 
was present in 1 or more leads of all patients. with time was shown by serial electrocardio- 
Lead I generally showed an rS pattern, lead grams in which there was often a progressive 
II usually a qRs pattern, and lead III a QR decrease in the voltage and an increase in the 
or QRS pattern. Van Lingen’s*® observation, amount of notching or slurring as the chlid 
that an R plus 8 voltage less than 7 mm. in grew older, 





CLINICAL STUDY OF EBSTEIN’S ANOMALY OF TRICUSPID VALVE 173 


In V, the pattern was usually rS or ocea- 
sionally qrs, both with wide splintering. The 
tallest R wave encountered in lead V, in all 
tracings was 8 mm. This observation agrees 
well with that of Keith et al.° who found that 
the tallest R wave in V, was 7 mm. or less 
except in 1 case where it was 9 mm. A pat- 
tern of right ventricular hypertrophy was not 
seen in V, in any patient. However, right 
ventricular hypertrophy in this malformation 
has been reported by others.® ' 3% 4° In all 
but case 13 the ventricular activation time 
(intrinsicoid deflection) was 0.04 second or 
greater in V,. However, in 2 patients the 
progression from normal to prolonged time 
was noted during the course of our observa- 
tions. 

In V6, about one half the tracings showed 
no q wave, probably due to the displacement 
of the left ventricle by the large dilated right 
atrium. In these, a q wave could be seen in 
leads taken further to the left (Vz to Vg). In 
only 1 (case 15) was the intrinsicoid deflection 
delayed in Vg when a q wave was. present. No 


left ventricular hypertrophy patterns were 
noted. 

The ST-segment changes were nonspecific 
and nondiagnostic. Slight depression or ele- 
vation in leads II, III, aV,, slight elevation in 
V,, and slight depression in Vg were oceasion- 
ally seen. 


The T waves were normal, except that in 
leads II, III and aV,, the incidence of diphasic 
or negative T waves appeared to be somewhat 
greater than might be expected. This was 
probably largely positional artefact, caused by 
the huge right atrium and an enlarged heart. 
Seven patients had diphasic T waves in V; 
and 2 of these in V¢, probably for the same 
reason. This view is supported by the finding 
of normal T waves in leads V; to Vy where 
the QRS complex is initiated with a q wave. 

In summary, our findings are very similar 
to those reported previously, the typical fea- 
tures being (1) incomplete or complete right 
bundle-branch block, .with widely splintered, 
notched, and slurred QRS complexes, (2) in- 
creased height and, on occasion, duration of 
the P wave, (3) low voltage in the right pre- 


cordial leads, with the tallest R wave in V; 
not exceeding 8 mm., and (4) right axis devi- 
ation. Also encountered were a prolonged 
P-R interval, nonspecific ST-segment changes, 
bouts of supraventricular tachycardia, atrio- 
ventricular dissociation, premature beats, and 
a normal or left axis. 

Sodi-Pallares*! has stated that the diagnosis 
of this cardiac anomaly must be strongly con- 
sidered if the electrocardiogram shows a QR 
pattern and negative T waves from V, to V4 
or Vg, particularly if found in a young person 
with cyanosis. In our review, we have found 
no case fitting these criteria. One of our pa- 
tients (case 11) on a single tracing has a QR 
pattern all across the precordium with nega- 
tive T waves from V, to V4, but she is not 
cyanotic. Two others, with cyanosis or oxygen 
desaturation, had a QR pattern in leads V4pz 
or V,, with a negative T wave, but this pattern 
did not extend to Vs. Thus in our experience, 
this pattern is not of diagnostic usefulness. 

Michel et al.*? proposed that the broad R’ 
deflection of low amplitude in leads II and 
III, following a normally shaped R_ wave, 
represented the delayed activation of the atri- 
alized portion of the right ventricle. They 
suggested that these be called P’ waves be- 
cause of their similarity to the P waves. Only 
3 of our patients (cases 4, 7, and 17), show 
a pattern similar to this description. In 2 of 
these, serial tracings clearly demonstrate that 
this pattern develops with time and with in- 
crease in the notching and slurring of the 
QRS complexes. Even though Michel et al.'? 
found this in 2 of their cases, and in 6 of 9 
cases they reviewed from the literature, in 
our experience this finding has little diagnos- 
tie significance. 


B. With 
(Table 4) 


We have found the W-P-W electrocardio- 
graphic pattern in 6 of our 23 eases, and be- 


Wolff-Parkinson-White Pattern 


lieve that this finding deserves special empha- 
sis. Sodi-Pallarest! first drew attention to 
this unique association, and interpreted the 
electrocardiogram of Yater and Shapiro! as 
being a W-P-W pattern. We have reviewed 
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TABLE 4.—Electrocardiograms with W-P-W pattern 


Height 
of 
Pin 
lead 
II 


P-R 
interval 


snaeseni eich lead 
Voltage Area II 


1 mo. 0.06 
0.06 
0.14 
0.08 
0.07 
0.07 
0.12 


—40 si 1 
1 


3% mo. —70 
10 yr. 


3 yr. 


Sinus 


—35 
—30 105 
—45 116 
—35 95 
—20 105 
+45 190 
—50 130 


Sinus 
Sinus 
3 yr. Sinus 
6 yr. Sinus 


5 yr. Sinus 


SVT 


Sinus 


S yr. 
8 yr. 
—s0 
—s0 
—110 
—40 


13 yr. —50 75 
—50 160 
—105 80 


—50 70 


Sinus 
SVT 


Sinus 


13 yr. 
20 yr. 


Y/S* 20 yr. Sinus 


*Case of Yater and Shapiro.’ 


the original tracing in this case, reportedly 
the first electrocardiogram published in this 
anomaly, and agree with his interpretation. 
Two general groups of W-P-W pattern have 
been described, those with right axis (called 
type A by Sodi-Pallares*!), and those with 
left axis (type The left axis in these 
cases was present by both voltage and area 
analysis. 


3). 


In type B the complexes simulate 
left bundle-branch block—with QS complexes 
usually present in leads II, III, and aV>y, and 
upright ventricular complexes in the left pre- 
cordial leads. 

In 5 of our 6 cases, the W-P-W pattern was 
present on ail occasions (all patients having 
at least 2 tracings), while in 1 (case 6) this 
pattern was seen only once. On other occa- 
sions there was a prolonged P-R interval and 
right bundle-branch block (fig. 3). 

Sodi-Pallares*! reported 3 cases of Ebstein’s 
anomaly with type B W-P-W patterns. Single 
cases of W-P-W patterns in this anomaly have 
been published by Lev et al.,7* G@tzsche and 
Falholt,’® Gotshalk et al.,?° Vogt,'! Hetjman- 
cik and Herrmann,** Hernandez et al.,!° and 
Mahaim and van Nieuwenhuizen.*® The cases 
reported by Bruce, Yu, et al.4* * and Yim 
and Yu*é also appear to fall into this group. 
In several of these cases the electrocardiogram 
showed normal rather than left axis, and 


1.5 


3.8 
1.0 


1.8 
0.6 


2.2 


in leads 


I, I, Il 


Max- 

dura- 

tion P Height 

of P Vi pat- 
in V2 tern 


Highest sicoid 
R/S in deflec- 
lead V; tion V: 


Ve pattern 
and R/S ratio 


1.7 rs 
3.0 


0.03 Rs 
0.03 RS 16/11 

0.02 RsR’s’ 7.5/4/6.5/3 
0.06 R 23 

0.03 R 


0.06 11/4 


0.06 
0.10 5.0 r¥S 1/9 
0.07 2.0 QS 0/17 
0.07 3.2 YS 2.5/14 
2 
3.0 


5/20 
4/6 


0.07 2 3/21 0.04 ’ 
0.07 ‘ 1/17 0 05 
_ 1.6/2. 6s 
0.09 2.0 2/10 fen 
0.10 ba 12 


0.12 
0.10 


Vogt’s!! case alternated 
with a nodal rhythm o i ocvasion. Kezdi and 
Wennemark** recorded a_ transient 
W-P-W pattern dur. ig the catheterization of 
the right ventricle ‘4 a patient with Ebstein’s 
defect. 

The combination of type B W-P-W pattern 
and cyanotic congenital heart disease was con- 


ier W-P-W pattern 


have 


sidere’i to be ‘tiagnostic of Ebstein’s anomaly 
by Sodi-Pallares.4! However, Hetjmancik 
and Herrmann**® recently described a case of 
transposition of the great vessels with W-P-W 
pattern. We have also seen an exceptional 
case of this type in which postmortem study 
showed complete transposition of the great 
vessels with patent foramen ovale. However, 
this electrocardiogram showed a normal axis. 

On the other hand, the occurrence of type 
B W-P-W in a patient with cyanotic congeni- 
tal heart disease and normal to decreased pul- 
monary vascular markings appears to 
highly suggestive of Ebstein’s anomaly. Four 
of our 6 cases and that of Yater and Shapiro! 
fall into this category. The other 2 remain 
acyanotic at ages 4 and 7, but may be ex- 
peeted to become cyanotic in the future. That 
this,combination is not diagnostic is shown 


be 


by Keith’s*’ mention of a case of tricuspid 
atresia with the W-P-W pattern, and the post- 
mortem study by de Oliveira et al.** of a case 
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of tetralogy of Fallot with a variant of the 
type B pattern. 

Three patients (6, 14, 18) of the 6 with 
W-P-W gave a history of recurrent attacks 
of tachyeardia ; in contrast. only + of the other 
17 cases gave a similar history. 

Tall peaked P waves (‘‘P pulmonale’’) oe- 
curred in the right precordial leads in 5 of 
the 6 cases. There again appears to be a 
correlation between the height of the P wave 
and the clinical symptomatology ; the tallest 
waves occurred in the 2 deceased patients, and 
the only normal P waves occurred in the lone 
asymptomatic patient (case 10) in this group. 
The P wave was always positive in leads I, 
II, aV,, aVp, and V». to Vg, always negative 
in aVp, and variable in the other leads. 

All 6 cases showed type B W-P-W pattern, 
with tall R waves in lead I and deep S waves 
in lead I1]—up to 27 mm. The right precor- 
dial leads showed rS patterns with a depth 
up to 22 mm. There was decreasing height of 
RS as increasing notching and slurring ap- 
peared with age. In the left preeordial leads 
there was usually a high R wave, up to 34 
mm. In the presence of type B W-P-W these 
observations cannot be interpreted as left 
ventricular hypertrophy or ‘‘strain.”’ 

Significantly, there were no normal tracings 
among the 70 or more electrocardiograms 
taken of our 23 patients. 


PHONOCARDIOGRAPILY 


Phonocardiograms were recorded in 12 of 
our 23 patients. In all cases the first sound 
was delayed (0.05 second or greater) after the 
onset of the QRS complex on the simultane- 
ous electrocardiogram, as compared with the 
normal value of 0.02 to 0.04 second. The first 
sound was of normal intensity, though the 
second component of this sound was invari- 
ably louder than the first component, and was 
maximal at the apex or the lower left sternal 
border. It was not possible to measure the 
duration of the first sound inasmuch as the 
first sound regularly blended in with the sue- 
ceeding medium frequency (100 to 600 cycles) 
systolic murmur. This murmur varied from 
a short deecrescendo murmur in early and mid- 





Fig. 3. Eleetrocardiograms of case 6. Left. 3/24/55 
W-P-W pattern (type B) with normal P-R interval 
(0.14) in lead I. Arrows indieate ‘‘delta’’ waves. 
Right. 12/15/55. Note the right bundle-branch block 
without W-P-W pattern but with prolonged P-R in- 
terval (0.24) in lead I. 


systole in 8 cases to a descrescendo or erescen- 
do-decrescendo. pansystolic murmur in the 
other 4 cases. The murmurs varied in inten- 
sity from very soft to very loud, and were 
maximal at the apex or lower left sternal 
border. 

The second sound was of normal intensity 
in 8 eases. In 2 cases it was completely ob- 
scured by murmurs. In 1 case (10) it was of 
less intensity than usual, and in the other 
(12) the sound was of greater intensity and 
was the only instance in which ‘‘splitting’’ 
was noted. Except for this latter case, all 
showed a second sound of normal duration. 
The second sound was usually maximal in in- 
tensity in the pulmonic area, but in some cases 
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was loudest along the lower left sternal border 
or at the apex. 
A discrete third heart sound or short mid- 


diastolic murmur was noted in 9 eases, usually 


best observed at the lower left sternal border. 
In another case (7) the area usually occupied 
by the third heart sound was filled by an 
early diastolic murmur. In the other 2 pa- 
tients, both young children, neither a third 
heart sound nor a diastolic murmur was pres- 
ent. The third heart sound or mid-diastolic 
murmur was regularly of low frequency (90 
to 150 eyeles). 

A presystolic extra sound was noted in 2 
cases, and a presystolic murmur of varying 
type was present in 4 others. In the 1 case, 
in which we have serial phonocardiograms 
(case 18), there was a change from a presys- 
tolic extra sound to a definite presystolic mur- 
mur over a period of 6 years. In the other 5 
cases, all children who are completely or rela- 
tively asymptomatic, no presystolic sound or 
murmur was present. This murmur or sound 
was regularly of medium frequency and maxi- 
mal at the lower left sternal border or apex. 
A continuous systolic-diastolic vibration was 
noted in 3 cases (4, 6, 7), all of whom showed 
fibrinous pericarditis at postmortem examina- 
tion. 

In general our findings resemble those of 
Mayer, Nadas, and Ongley.'* They found the 
first sound to be delayed, of normal intensity, 
and maximal at the apex. The second sound 
was maximal at the left sternal border or apex 
in their 5 patients. The systolic murmur was 
described by them as being of moderate in- 
tensity, of medium frequency, and of decre- 
seendo or crescendo-decrescendo configuration. 
A presystolic murmur of medium frequency 
and intensity was uniformly noted as well as 
a low-frequency mid-diastolic murmur at the 
left sternal border or apex in 2 cases. 

Diminution or absence of the first heart 
sound noted by Vacca et al.*® was not seen on 
our phonocardiograms. Nor are our findings 
in agreement with those of Voill and Sterz,°” 
who labeled the second portion of the first 
sound as ‘‘4’’’ to conform with Michel’s*” 
theory that delayed polarization of the atri- 


alized ventricle manifests itself as a separate 
late deflection in the QRS complex (and 
termed TP’ because of its resemblance to the 
original P wave). 


CARDIAC CATHETERIZATION (TABLE 5) 


Seventeen of our 23 patients with Ebstein’s 
anomaly have undergone cardiae catheteriza- 
tion, several having had more than 1 study. 
There have been no deaths attributable to this 
procedure and no serious complications. Two 
pediatric cases (5, 14) developed bouts of 
supraventricular tachycardia during cathete- 
rization, but these were readily controlled by 
ocular pressure or digitalization. 

Several authors® !* 4.18.5! have reported 
fatalities with this procedure, and the general 
impression has developed that this procedure 
is contraindicated or unwise in patients with 
this defect. Our catheterization studies were 
Whether this 
technic or chance accounts for our lack of 
mortality is difficult to decide. Although we 
recognize that patients with this malforma- 
tion undoubtedly represent a higher risk, we 


done under local anesthesia. 


still think that cardiac catheterization is in- 
dicated if the diagnosis cannot definitely be 
established by other means. 

In 6 patients the pulmonary artery was not 
entered. However, the primary purpose of 
catheterization was considered to be the estab- 
lishment of a normal or slightly elevated right 
ventricular pressure and the documentation 
of the location of the tricuspid valve. Gener- 
ally, the tricuspid valve was found to be 2 to 
4 cm. to the left of the spine in the antero- 
posterior view. In 3 cases, the valve was lo- 
cated over the spine, but ‘‘lower and more 
anterior’’ than usual. This has also been 
noted by Mayer et al.'* and Kilby et al.” 
Evidence of an enlarged right atrium was 
found consistently. In the cases in which the 
pulmonary artery was entered, the pulmonic 
valve was normally located. We have had no 
experience with the use of an intracavitary 
electrode at catheterization. This has been 
found to be of value by Sodi-Pallares,*! Her- 
nandez et al., and Yim and Yu.*@ 
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TABLE 5.—Cardiac Catheterization Data 


Pressure in mm. Hg 
Systolic/early diastolic/late diastolic (mean) 


Oxygen content in volumes per 100 ml. (Van Slyke) _ 


ae —— Capa- Systemic 
RA city PA S Artery 





(6) 





29/0 9.5 2.§ 3. 2: 2.$ 3 (88.5%) 

22/6 22/1 (87.0%) 
20/10 (12) 40/2/8 “ . j (94.3% ) 
11/4.5 15/-1/3 é ss 2 2, 2. 16.3 (95.5%) 
27.5/1/4 8/1 (5) 7.6 3s 2: i 17.6 (98.3% ) 
19/10 21/0/2 10/5 
- 11/6 8/3 
29/12 (15) 
23/13 (16) 


27.5/15 (22.5) 


18.5 (96.1% ) 
17.5 (96.7%) 
30/2/7 10/7 8. 3.6 13.1 13. 18.3 (95.9% 
26/4/10 16/0 22, 2: 3.2 13. - 18.79 (82.0%) 
-- 24/-5/10 9/6 17.0 - 2: a ay, 3. 17.0 (98.3% 
19/6 25/0/4 7/4 17.8 , ‘ ; 10. - 17.5 (97.2%) 
15/0/3 9/0 19.0 ~- 3. 3. 13.0 18.2 (94.2% 
_ 24/-1/2 8/4 29.7 — 17.7 - 
18/9 ¢ 18/0/6 13/3 26.1 21.1 - 16.7 - 22.2 (83.7% 
-- 19/0/7 10/0 (5) 27.9 -- 14.7 
13.5/3 a 14/0/8 13.5/0 (3) 21.0 16.0 16.4 16.1 13.4 


19/3 : 20/0/3 ~ 10/-3 (2) 165 i199) WS. Ss 12 


20.5 (72.4% 
20.2 (94.6% ) 


15.7 (99.2%) 


*Catheterization at Columbia-Presbyterian Medical Center, New York, N. Y. 
{Catheterization by Dr. Alfred R. Henderson, Asbury Park, N. J. No data available. 
{Catheterization by Dr. James Campbell, Chairman, Department of Medicine, Presbyterian 

Hospital, Chicago, Ill. ; 
§Catheterization at Walter Reed Army Medical Center, Washington, D. C. 

{Left ventricular sample. 


The pulmonary artery pressure varied be- 
tween 14 and 29 mm. Hg systolic to 3 to 15 
mm. Hg diastolic. Infrequently, the pulmo- 
nary artery pressure tracing resembled the 
right atrial or right ventricular tracing, an 
observation reported by several authors.® 77 
In addition, the pulmonary artery pressure 
tracing often showed a small initial wave oc- 


diastolic. In 4 of the 14 cases in which right 
ventricular end-diastolic pressure was re- 
corded, the value was above 7 mm. Hg. Only 
1 of our cases (8) had a right ventricular 
pressure above 30 mm. Hg, this individual 
having a systolic pressure of 40 mm. and a 
diastolic of —2 to8 mm. Hg. This patient had 


curring after the P wave on the simultane- 
ously recorded electrocardiogram. Blacket et 
al.® and Blount et al.‘ found similar tracings, 
and postulated that this early deflection repre- 
sented initial pulmonary bed perfusion by the 
right atrium. Taken as a group, the pulmo- 
nary artery tracings on our patients showed 
great variation in contour. 

Right ventricular pressures ranged from 11 
to 40 mm. Hg systolic and —5 to 10 mm. Hg 


a differential of 20 mm. Hg across the pul- 
monie valve, though at postmortem examina- 
tion there was no evidence of anatomic ste- 
nosis. <A similar differential across the pul- 
monic valve has been recorded by Kezdi and 
Wennemark.** Several other writers!* 2% 3* 
have also reported cases with the systolic pres- 
sure in the right ventricle above 30 mm. Hg, 
but none had a differential pressure across the 
pulmonic valve greater than 12 mm. Hg. 
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A. Normal 


Demonstrates ‘'S" wave 
Fic. 4. Simultaneous eleetrocardiogram and pressure 
tracing in right atrium during cardiac catheterization 
in ease 5 to demonstrate additional abnormal wave 
(‘*s’’) present in Ebstein’s defect. 


With 1 exception (case 9), the right atrial 
pressure was higher than normal, ranging 
from 7 to 21 mm. Hg systolic and from —2 to 
7 mm. He diastolic. 

Assessment of the physiologic competence 
of the tricuspid valve from pathologic material 
is difficult and often unreliable. A review 
of the pathologic material nevertheless sug- 
gested that stenosis was predominant in 2 
cases (2, 3) and insufficiency predominant in 
6. In 1 of the latter (case 5) there appeared 
to be evidence also of stenosis. 

Physiologic observations tended to agree 
with postmortem interpretations. If we as- 
sume that one of the criteria of tricuspid ste- 
nosis is the occurrence of a right atrial dias- 
tolic pressure higher than the right ventricular 
end-diastolic pressure, then 4 of the catheter- 
ized patients had elements of stenosis. 

Again, if we assume that the presence of 
an ‘‘s’’ wave (fig. 4) in the right atrial trac- 
ing may be considered a sign of tricuspid in- 
competence,°?** then at least 10 of our pa- 
tients would have a degree of tricuspid 
insufficiency. The ‘‘s’’ wave follows the QRS 
complex on the simultaneously recorded elec- 
trocardiogram and decreases the X’ descent in 
the normal atrial pattern. Shephard®? has 
described the occurrence of this wave in 3 
cases of Ebstein’s anomaly as well as in adults 
with severe pulmonary valvular stenosis. 
Korner and Shillingford® have noted the ‘‘s’’ 


wave in congestive heart failure, and we have 
noted it on occasion in cases of complete os- 
tium primum. 

In 14 of our cases, the right atrial tracing 
was suitable for interpretation, and all of 
these showed definite ‘‘s’’ waves. The height 
of the ‘*‘s’’ wave varied from small 2 mm. 
deflections to waves large enough partially to 
obliterate the X’ descent and the V wave of 
the normal atrial pattern. In 4 cases, the A 
wave was the most prominent, and in the pre- 
viously mentioned 10 cases the ‘‘s’’ wave was 
the larger. 

Thus, the 4+ patients with physiologic steno- 
sis (5, 6, 11, 19) were ako found to have con- 
comitant evidence of physiologic incompe- 
Six patients would then appear to 
show physiologic insufficiency alone, while the 
other 4 showed reasonably normal tricuspid 


tence. 


function under the conditions of the study. 
It would seem logical that progressive cardiac 
enlargement, with the concomitant dilatation 
of the false tricuspid annulus, would enhance 
the development of valvular insufficiency. 
Ebstein’s defect thus presents a continuum of 
tricuspid function, from anatomic and physi- 
ologic stenosis to insufficiency, some cases 
having elements of both and other patients 
approaching normal. 

In those catheterizations in which sufficient 
data were available for the calculation of 
physiologic values, 4 studies showed systemic 
arterial desaturation, and the 11 others were 
fully saturated (94 per cent or greater). 

In the desaturated group, the average sys- 
temic saturation was 81.5 per cent. The aver- 
age pulmonary blood flow was 2.5 L./M.?/min., 
and the average systemic blood flow 3.0 
L./M.*/min.—indicating a small net right-to- 
left shunt. However, the actual calculated 
average right-to-left shunt was about 1 L./M.* 
/min., balanced in 3 patients by a simultane- 
ous average left-to-right shunt of about 0.6 
L./M.*/min.—both presumably at the atrial 
level. Thus, in our desaturated group, both 
the average systemic and pulmonary blood 
flow would appear to be less than the normal 
average of 4.0 L./M.?/min. As a consequence, 
the average total calculated pulmonary resist- 
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anee in dynes/em./see.® was 2.2 times greater 
than normal for the surface area of these 
patients. 

In the 11 patients who were fully saturated, 
he average saturation was 96.5 per cent. In 
ontrast to the other group, the pulmonary 
ind systemic flows approach normal, being 
ibout 3.5 L./M.?/min. The average total cal- 
‘ulated pulmonary resistance in this group is 
ara al. One patient (21) would appear to 
cavea left-to-right shunt at the atrial level. 

‘Vv hether or not these physiologic differences 
re sgnificant or represent errors inherent in 
:mpling or calculations cannot be stated at 
the present time. 


DIFFERENTIAL DIAGNOSIS 
The following is limited to those clinical 
entities having normal or decreased pulmo- 
nary vasculature by roentgenograms. 


1. PFulmonic Valvular Stenosis, with or without 

Atrial Septal Defect 

The young child with these malformations, 
particularly if in cardiae failure, may have 
a cardiae contour similar to some seen in Eb- 
stein’s defect. Diminished pulmonary vascu- 
lature and peaked P waves may also be seen 
in both anomalies. However, the harsh mur- 
mur of pulmonie¢ stenosis in the primary pul- 
monary area (with the absence of a diastolic 
murmur), the systolic thrill in the same area 
ind often in the suprasternal notch, and the 
narked right ventricular hypertrophy on the 
‘leetrocardiogram help to identify this defect. 


'. Myocarditis, Endocardial Fibroelastosis, 
and Familial Cardiomegaly 

The cardiac contour, cardiomegaly with 
veak pulsations, distant heart sounds, increase 
n the P-R interval, diffuse ST segment and 
‘ wave changes, and the W-P-W pattern may 
e seen in these conditions and in Ebstein’s 
nomaly. 

In differentiating these lesions, left atrial 
ulargement on the roentgenogram should be 
definite value, since ‘it is often present in 
he above entities, and has not been seen in 
ny of our series of Ebstein’s anomaly. In 
ddition, the pulmonary vascular markings 


are normal or even ‘‘full’ ’in these diseases, 
even in the presence of a markedly enlarged 
heart ; in contrast, in Ebstein’s malformation, 
the very large heart is usually accompanied by 
decreased pulmonary vascular markings. Neg- 
ative T waves in the left precordial leads 
would suggest endocardial fibroelastosis in the 
child, particularly if associated with cardio- 
megaly. The history may be of some aid in 
pointing to specific etiologic factors in myocar- 
ditis. 


3. Tricuspid Atresia 

Similarities between this malformation and 
Ebstein’s anomaly include cardiac contour, 
peaked P waves, decreased pulmonary vascu- 
lature, cyanosis, and the electrocardiogram 
when the Ebstein’s patient has a type B 
W-P-W pattern. This latter pattern would 
have left axis deviation, small or absent R 
waves in the right precordial leads, and tall 
R waves in the left precordial leads. 

However, individuals with tricuspid atresia 
usually have left atrial enlargement, and ordi- 
narily show a greater degree of cyanosis at an 
earlier age. The children with this malforma- 
tion are usually dyspneic at rest, and show 
growth retardation. 


i. Tetralogy of Fallot 

This malformation may be confused with 
Ebstein’s anomaly because cyanosis, decreased 
pulmonary vasculature, similar cardiac con- 
tour (when the Ebstein’s has a normal or only 
slightly enlarged heart), syncope, squatting, 
peaked P waves, and right axis deviation may 
be found in individuals with either of these 
defects. Historically, those individuals with 
Ebstein’s anomaly subjected to an extracar- 
diac shunt procedure were diagnosed, as 
tetralogy of Fallot, trilogy of Fallot, or tri- 
cuspid atresia.?*: 2% 25, 31, 59 

The cyanotic tetralogy, however, invariably 
has marked right ventricular hypertrophy 
with little delay in intraventricular conduc- 
tion. The squatting and syncopal episodes 
are usually more frequent and severe, dias- 
tolic murmurs are rarely heard, and loud sys- 
tolie murmurs are heard from the primary 
pulmonary area down the left sternal border. 
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Fic. 5 Top left. Drawings of autopsy specimen of case 1. Note separate diagram of 
tricuspid valve area as viewed from above. (Courtesy of Dr. Frederick H. Lott, Northwestern 
Hospital, Minneapolis, Minn.) 

Fic. 6 Bottom left. Drawings of autopsy specimen of case 2. The small tricuspid orifice 
should be noted. A. Diminutive right ventricle opened to show tricuspid valve area. B. 
Right atrium and atrialized ventricle opened to show relationships. (Courtesy of Dr. Kano 
Ikeda, Children’s Hospital, St. Paul, Minn.) 


Fic. 7 top right. Drawings of autopsy specimen of case 3. The salient features are that 
the ventricular septal defect communicates directly from the left ventricle to ‘‘atrialized’’ 
portion of the right ventricle and that the tricuspid orifice is very small. .4. Diminutive right 
ventricle opened to show tricuspid valve area. B. Right atrium and atrialized ventricle 
opened to show relationships. 

Fic. 8 Bottom right. Drawing of autopsy specimen of ease 5. 
Olson, St. Luke’s Hospital, Racine, Wis.) 


(Courtesy of Dr. E. 8. 


5. Rheumatic Heart Disease antly, as happened in the unfortunate young 
man reported by Noécker and Uibe.*® 
Again, the presence of left atrial enlarge- 


ment would suggest rheumatic heart disease. 


On rare occasions, in the older child or 
adult, the cardiae contour, the electrocardio- 
gram, and the murmurs may be similar in 


Ebstein’s anomaly and in rheumatic heart 
disease. This would be particularly so when 
the rheumatic lesion involves the tricuspid 
valve. This occurred in 1 of our adult cases 
who was diagnosed as having Ebstein’s mal- 
formation because of ‘‘typical’’ clinical and 
catheterization findings. However, postmor- 
tem study showed a huge right atrium secon- 
dary to severe tricuspid stenosis. In addition, 
this case had calcific mitral and aortic stenosis. 
Of course, these entities can occur concomit- 


A history of acute inflammatory disease would 
be helpful, and the presence of typical mitral 
or aortic murmurs would aid the clinician. 


6. Pericardial Effusion 


A large globular cardiae contour, weak ear- 
diae pulsations, distant heart sounds, absence 
of any murmur, low voltage, and diffuse ST-T 
changes may be found in both clinical enti- 
ties. 


However, absent or very weak cardiac pul- 
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sations, pulsus paradoxus on physical exami- 
nation, and the elinical history on occasion, 
would suggest that the large cardiae contour 
is caused by a pericardial effusion. 


7. Congenital Tricuspid Insufficiency®* 

The clinical, roentgenographic, and electro- 
cardiographic findings may be very similar, 
and differentiation would appear to require 
cardiac catheterization to demonstrate the 
critical displacement of the tricuspid valve in 
Ebstein’s anomaly. 


8. Aortic Stenosis 


When the heart is only slightly enlarged, 
when a parasternal murmur of fair intensity 
is present, and particularly when type B 
W-P-W is interpreted as left bundle-branch 
block or left ventricular hypertrophy, then an 
Ebstein’s anomaly may be erroneously diag- 
nosed as ‘‘mild aortic stenosis.’’ Misdiagnosis 
here is thus one of misinterpretation. 

In addition, 1 of our patients was originally 
diagnosed as a ‘‘psychoneurotic’’, because of 
the multiplicity of her complaints and the 
paucity of her physical findings. 

In most of the preceding conditions, it 
would be very unusual to hear a ‘‘triple’’ or 
quadruple’* rhythm. Likewise, most of them 
would not have the marked right bundle- 
branch block and low voltages (particularly in 
the right precordial leads) so often seen in 
Ebstein’s anomaly. The presence of a W-P-W 
pattern with congenital heart disease also 
should suggest Ebstein’s anomaly, although 
the authors have infrequently seen this pat- 
tern in other congenital lesions. 


SURGICAL CONSIDERATIONS 

Prior to the accumulation of clinical knowl- 
edge that led to methods of detecting this de- 
fect, cases of Ebstein’s anomaly were 
sometimes subjected to shunt procedures.?*- 
“8, 25, 31,59 The operation was of no benefit, 
and the correct diagnosis became evident at 
postmortem examination. 

In the widely quoted case of Wright et al.?* 
temporary relief was gained by closing the in- 
competent foramen ovale. In marked tricus- 
pid insufficiency, however, this palliative 


Fibrinous pericarditis 


Folse annulus 


leofiet 
Posterior 
lecfiet 


Case 7 

Fig. 9. Drawing of autopsy specimen of ease 7. 
Note relative close proximity of the true and false 
annulus. 


procedure would appear to have little useful- 
ness. Three subsequent cases operated upon 
at the same center died during the induction 
of anesthesia or in the immediate postopera- 
tive period. 

Recently a new surgical procedure for this 
anomaly was devised at our hospital.°* During 
total cardiopulmonary bypass with the helix 
reservoir pump oxygenator, a right atrial ear- 
diotomy is made. The displaced leaflets are 
brought up to the true annulus by means of a 
plicating technic that excludes the thin wall 
of the atrialized portion of the right ventricle. 
Fenestrations in the leaflets are closed with 
silk sutures, and the atrial septal defect is 
closed. The tricuspid ring is reduced in diam- 
eter. The plicating sutures are so placed that 
they will interrupt the abnormal conduction 
pathways described by Lev et al.*? in a ease 
with W-P-W. 

This special procedure was attempted in 
cases 6 and 7, but neither patient survived. 
The former patient was a semi-invalid because 
of his disabling paroxysms of tachyeardia ; the 
latter patient was in intractable eardiae fail- 
ure even on a full medical program. Another, 
case 4, also in severe cardiae failure with 
thromboembolic manifestations, had cardiac 
arrest during the induction of anesthesia. Ob- 
viously, a trial on better-risk patients will be 
required before this operation can be evalu- 
ated properly. 

It is of interest to note that at operation it 
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was not possible to tell whether the ‘‘atrial- 
ized ventricle’’ was contracting with the right 
atrium or with the ‘‘functional’’ 
tricle. 


right ven- 


PaTHOLOGIC FEATURES 

The mode of death in 3 of our cases has been 
noted. Cases 1, 3, and 5 had severe cardiac 
failure; case 2 died in cardiac failure shortly 
after the onset of the nephrotic syndrome ; and 
case 8 died unexpectedly while sitting at his 
desk in school. Some of the postmortem speci- 
mens of the heart (figs. 5 to 9) demonstrate 
strikingly the typical abnormal positions of 
the tricuspid valve. The anterior leaflet is 
usually the largest and best developed leaflet 
and is attached to the true annulus along its 
medial aspect. The septal (medial) and pos- 
terior leaflets are displaced down from the 
true annulus, the posterior leafiet usually 
showing the greatest degree of deformity to 
the point of being absent entirely. 

The valve tissue proper may be thick 
thin, intact or with multiple perforations, or 
smooth or nodular. Leaflets may appear to be 
entirely functional, or they may be adherent 
to the endocardium (‘‘tethered down’’). The 
chordae tendineae vary from minute useless 
structures to those that approach normal. The 
papillary muscles similarly show wide varia- 
tion in structure. 

The right atrium is consistently enlarged, 
with dilatation and hypertrophy invariably 
On the other hand, the ‘‘atrialized’ 
portion of the ventricle is always very thin, 
occasionally with thin aneurysmal areas. This 
latter feature was present in the 2 infants that 
died (eases 1, 3). 


present. 


The ‘‘functional’’ right 
ventricle may be rudimentary or very large, 
and its wall may be thin or hypertrophied or 
may show areas of each. The infundibulum 
usually shows hypertrophy. The size of the 
‘‘functional’’ right ventricle varies more or 
less inversely with the ‘‘atrialized’’ right ven- 
tricle. Pechstein®® has attempted to classify 
this anomaly into 4 separate morphologic 
groups, utilizing valve positions and propor- 
tion of ‘‘atrialized’’ to ‘‘functional’’ right 
ventricle as the basis of his criteria. 


AL ae 


Fig. 10. Electrocardiogram of case 1 taken at 5 
hours of age: Top, lead I; middle, lead II; bottom, 
lead V,. Note prolonged P-R interval (0.14) for 
age and rate, complete right bundle-branch block 
(QRS 0.11), and peaked P waves. 


All but 2 of our autopsied cases (2, 8) had 
an incompetent or fenestrated foramen ovale. 
Case 1 showed a patent ductus arteriosus, but 
this was of dubious significance inasmuch as 
death occurred shortly after birth. Only 1 
other case (3), who died at 314 months, had 
an associated cardiac abnormality—a ventricu- 
lar septal defect. Although this was present, 
there was no evidence of increased pulmonary 
blood flow. Any blood shunting through this 
ventricular defect had 2 possible modes of 
exit: through the minute 3 mm. tricuspid ori- 
fice into the right ventricle, or through the 
foramen ovale to the left atrium. In view of 
the decreased vascularity on the roentgeno- 
grams, it is apparent that the small tricuspid 
aperture was effective in preventing excessive 
or even normal pulmonary blood flow. 

The pulmonic, aortic, and mitral valves were 
uniformly normal, except for ‘‘slight nodular- 
ity’’ of the mitral valve in case 8. An attached 
thrombus was present in the apex of the left 
ventricle in case 5, and a nonattached throm- 
bus practically filled the cavity of the small 
right ventricle in case 2. Fibrinous pericardi- 
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tis over the right atrial and right ventricular 
surfaces was seen in cases 4, 6, and 7. 

Although we have seen more than 40 cases 
of corrected transposition of the great vessels 
at our hospital in the past 5 years (17 of 
which have been reported by Anderson et 
al.®’), we have recognized no cases with down- 
ward displacement of the left-sided atrioven- 
tricular valve, so-called ‘‘left-sided Ebstein’s 
anomaly.”’ 

Other authors!*: ©! have reported the ostium 
primum syndrome in conjunction with Eb- 
stein’s anomaly, and 3 other cases* 1 ® have 
been described with an interventricular septal 
defect. In addition, Keith et al.° had a ease 
of Ebstein’s anomaly with pulmonary atresia 
and multiple atrial septal defects. 

Chronic passive congestion, often with 
atrophy of the surrounding liver cells to the 
point of cardiae cirrhosis (case 6), was usu- 
ally noted in our autopsied cases. One (case 
4+) showed an area of adenomatous hyperpla- 
sia of the liver in addition to large areas of 
central atrophy. . 

Four of our 8 cases showed pathologic 
changes in the brain. Case 2 showed an area 
of patchy demyelinization in the frontal cor- 
tex, in addition to congestion and petechiae. 
Case 5 had congestion of all the vascular 
spaces and a large area of cystic degeneration 
in the floor of the fourth ventricle. Case 4 
exhibited congestion of the vessels and areas 
of recent encephalomalacia in the left inferior 
parietal lobule and the inferior surface of the 
right occipital lobe, as well as slight calcifica- 
tion of the basal ganglia. Case 7 had a large 
cystic area of encephalomalacia and glial for- 
mation in the left cerebral hemisphere. The 
latter 2 patients had clinical evidence of cere- 
bral emboli or thrombi. 

Infarcts of the spleen and kidney were seen 
in case 7 and in the kidney in case 4. 

None of the autopsied cases showed evidence 
of pulmonary tuberculosis, and such evidence 
is not present in the 15 living patients. 


SUMMARY 


Twenty-three cases of Ebstein’s malforma- 
tion of the tricuspid valve are reviewed, in- 


e 


cluding 8 with postmortem examinations. 
This anomaly occurs equally in males and fe- 
males, and has been estimated to constitute less 
than 1 per cent of all congenital heart defects. 

There was no evident etiologic relationship 
to various prenatal factors, birth order, ma- 
ternal age, birth weight, or month of birth. 
Only 1 patient had a relative with known con- 
genital heart disease. 

Twelve of the 23 cases had neonatal symp- 
toms or signs, generally cyanosis or a murmur. 
This neonatal cyanosis invariably diminished 
or disappeared with time, but recurred later 
in life in all cases. Symptoms after the neo- 
natal period included dyspnea, cyanosis, ex- 
cessive fatigue, central nervous system symp- 
toms, cardiac failure, precordial or epigastric 
pain, paroxyms of tachycardia, and squatting. 

The most common physical findings were a 
systolic murmur, a second sound which was 
always heard as well over the pulmonic area 
as over the aortic area, normal pulmonary 
breath sounds, cardiomegaly, normal growth 
features, a ‘‘triple’’ or ‘‘quadruple’’ rhythm, 
cyanosis, a systolic thrill, a diffuse area of 
maximal impulse, a diastolic murmur, a 
‘*split’’ first sound, ‘‘metallic’”’ or ‘‘clicking”’ 
heart tones, cardiac failure, and an unusual 
‘*facial erythema. ”’ 

Roentgen studies regularly showed cardio- 
megaly, normal to decreased pulmonary vas- 
culature, and a normal-sized left atrium. Car- 
diae size and contour varied widely, though 
in certain cases the ‘‘box-like’’ configuration 
was diagnostic. 

The most frequent electrocardiographic 
findings in the 18 patients with a normal sino- 
atrial rhythm were incomplete or complete 
right bundle-branch block (often with widely 
splintered or notched complexes), peaked and 
oceasionally prolonged P waves, low voltage 
QRS complexes in the right precordial leads 
(none had an R wave in V, exceeding 8 mm. 
in height), and right axis deviation. Five 
cases showed a constant type B Wolff-Parkin- 
son-White (W-P-W) pattern, and another did 
so intermittently. The presence of a type B 
W-P-W pattern in a cyanotic child with con- 
genital heart disease and normal to decreased 
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pulmonary vasculature should immediately 
suggest the possibility of Ebstein’s anomaly. 

Phonocardiography was performed in 12 
patients. This is a valuable adjunct in eluci- 
dating the auscultatory findings. 

A total of 20 right heart catheterizations 
were carried out in these 23 patients, without 
any mortality or serious complications. The 
principal value of cardiae catheterization is 
in documenting the location of the tricuspid 
valve, and in obtaining pressure tracings in 
the various vessels and chambers. 

This defect may be confused with pulmo- 
nary valvular stenosis, myocarditis, endocar- 
dial fibroelastosis, tetralogy of Fallot, tricus- 
pid atresia, rheumatic heart disease, pericar- 
dial effusion, congenital tricuspid insufficiency, 
and ‘‘mild aortic stenosis. ’’ 

Two of our patients underwent a new type 
of surgical procedure, but neither survived. 

Physiologic data and studies of postmortem 
specimens indicate that Ebstein’s anomaly 
represents a continuum from predominant tri- 
cuspid stenosis to predominant tricuspid in- 
sufficiency, with some having elements of both, 
and others approaching normal. 
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SUMMARIO IN INTERLINGUA 

Es presentate un revista de 23 casos del 
malformation de Ebstein del valvula tricuspi- 
dal. In 8, datos necroptie es includite. Iste 
anomalia occurre equalmente in masculos e in 
femininas. I] ha essite estimate que illo con- 
stitue minus que 1 pro cento de omne con- 
genite defectos cardiac. 

Esseva notate nulle evidente relation etio- 
logic con varie factores prenatal, con le 
numero del fraternos senior, le etate del ma- 
tre, le peso natal, o le mense del nascentia. 
Solmente 1 del patientes habeva un consan- 
guineo con cognoscite morbo cardiac congenite. 


Dece-duo del 23 habeva symptomas 0 signos 
neonatal, generalmente cyanosis 0 un mur- 
mure. Le cyanosis neonatal se diminueva o 
dispareva invariabilemente in le curso del 
tempore, sed in omne casos illo recurreva a un 
etate plus avantiate. Le symptomas post le 
periodo neonatal includeva dyspnea, cyanosis, 


grados excessive de fatiga, symptomas del sys- 


tema nervose central, disfallimento cardiac, 
dolores precordial 0 epigastric, paroxysmos de 
tachyeardia, e statura pyenic. 

Le plus commun constatationes physic es- 
seva un murmure systolic, un secunde sono 
(semper audible supra le area pulmonic e 
supra le area aortic), nérmal sonos pulmono- 
respiratori, cardiomegalia, normal character- 
isticas de crescentia, un ‘‘triple’’ o ‘‘qua- 
druple”’ fremito 
systolic, un area diffuse de impulso maximal, 
un murmure diastolic, un *‘findite’’ 


rhythmo, cyanosis, un 
prime 
disfallimento 
cardiac, e un inusual *‘erythema facial.’’ 


sono, sonos cardiac ‘‘ metallic,’ 


Studios roentgenologic monstrava regular- 
mente cardiomegalia, normal o reducite vas- 
culatura pulmonar, e dimensiones normal del 
atrio sinistre. I.e dimensiones e le contorno 
del corde variava extensemente, ben que in 
certe casos le configuration ‘‘quadrate’’ es- 
seva diagnostic. 

Le plus frequente constatationes electrocar- 
diographic in le 18 patientes con normal 
rhythmo sino-atrial esseva bloco incomplete o 
complete de branca dextere (frequentemente 
con extense segmentation o indentation del 
complexos), punctate e a vices prolongate 
undas P, complexos QRS a basse voltage in le 
derivationes dextero-precordial (un unda R in 
V, de plus que 8 mm de altor non occurreva 
in ulle del casos), e deviation dextero-axial. 
In 5 casos, un configuration del typo B de 
Wolff-Parkinson-White esseva constante, in 
un sexte caso illo esseva presente intermitten- 
temente. Le presentia de un configuration del 
tvpo B de Wolff-Parkinson-White in un puero 
cyanotic con congenite morbo cardiae e nor- 
mal o reducite vasculatura pulmonar deberea 
suggerer immediatemente le possibilitate de 
anomalia de Ebstein. 
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Studios phonocardiographic esseva effectu- 
ate in 12 patientes. Isto es un adjuncto de 
valor in le elucidation del constatationes aus- 
cultatori. 

Un total de 20 catheterisationes dextero- 
cardiae esseva effectuate in iste 23 patientes. 
Occurreva nulle morte e nulle serie complica- 
tiones in consequentia del catheterismo. Le 
principal valor de iste technica es que illo pote 
documentar le location del valvula tricuspide 
e que illo permitte obtener registrationes del 
pression in le varie vasos e cameras. 

Le defecto sub discussion pote esser confun- 
dite con stenosis del valvula pulmonar, myo- 
carditis, fibroelastosis endocardial, tetralogia 
de Fallot, atresia tricuspidal, rheumatic mor- 
ho cardiac, effusion pericardial, congenite 
insufficientia tricuspidal, e le ‘‘forma leve de 
stenosis aortic.’’ 

Duo de nostre patientes esseva operate se- 
cundo un nove technica chirurgie. 
veva ni le un ni le altere. 


Supervi- 


Datos physiologic e studios de specimens 
necroptic indica que anomalia de Ebstein 
representa un continuo ab predominante ste- 
nosis tricuspidal a predominante insufficien- 
tia tricuspidal. In certe casos, il ha elementos 
de ambes; altere casos approcha un stato nor- 
mal, 
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THE MODESTY OF A GREAT MIND 


Davip BREWSTER 
Scottish physicist, 1781-1868 


The modesty of Sir Isaac Newton, in reference to his great discoveries, was not 
founded on any indifference to the fame which they conferred, or upon any erroneous 
judgment of their importance to science. The whole of his life proves, that he knew 
his place as a philosopher, and was determined to assert and vindicate his rights. His 
modesty arose from the depth and extent of his knowledge, which showed him what a 
small portion of nature he had been able to examine, and how much remained to be 
explored in the same field in which he had himself labored. In the magnitude of the 
comparison he recognized his own littleness; and a short time before his death he 
uttered this memorable sentiment: “I do not know what I may appear to the world, 
but to myself I seem to have been only like a boy playing on the seashore, and diverting 
myself in now and then finding a smoother pebble or a prettier shell than ordinary, 
whilst the great ocean of truth lay all undiscovered before me.”—Memoirs of Sir Isaac 
Newton. From Great Companions. Readings on the Meaning and Conduct of Life 
from Ancient and Modern Sources. Vol. II, Boston, The Beacon Press, 1953. 





Atrial Flutter as a Manifestation of Digitalis Toxicity 


By Jay D. Corrman, M.D., ann GeraLp H. Wuippeie, M.D. 


Although digitalis overdosage is known to produce a variety of atrial, junctional, and 
ventricular arrhythmias, atrial flutter due to digitalis intoxication has been rarely reported. 
The present paper reviews the literature and reports what appears to be the sixteenth 


case, 


The available information on the accepted cases of atrial flutter due to digitalis 


toxicity has been analyzed for clues as to when digitalis can be considered the cause of 


the flutter. 


IGITALIS is usually administered in the 
of atrial flutter, but in the 
exceptional patient it may cause the arrhyth- 


treatment 


mia, and more of the drug could lead to disas- 
trous This the 
rarity of atrial flutter due to digitalis intoxi- 
cation, 


results. paper emphasizes 


presents criteria to help determine 
whether digitalis is the cause of a given epi- 
sode of atrial flutter, and adds what appears 
to be the sixteenth case to the literature. 


CasE REPORT 


A 79-year-old man had congestive heart failure 
for 19 months due to arteriosclerotic heart disease. 
An electrocardiogram at the onset of his symptoms 
revealed sinus rhythm at a rate of 106 with a P-R 
interval of 0.19 second, low QRS voltage, and 
ST-T abnormalities. He was digitalized and main- 
tained on 0.2 Gm. of digitalis leaf per day and 
intermittent diuretic therapy. Four weeks prior 
to admission, following a “cold,” all symptoms of 
congestive failure increased and he was hospital- 
ized. 

Physical examination revealed a disoriented man 
with Cheyne-Stokes respiration. Fundusecopie ex- 
amination narrowed, tortuous arterioles 
with arteriovenous nicking. There was distention 
of the neck veins. Coarse, moist rales were heard 
over both lower lung fields posteriorly. The heart 
was moderately enlarged to percussion. The ear- 
diac rhythm was regular with occasional premature 
beats; the aortic component of the basal second 
sound was louder than the pulmonic; a grade ITT, 
coarse, blowing systolic murmur was best heard 
at the apex and was transmitted to the axilla. The 
liver was enlarged but nontender. There was 1+ 
pretibial pitting edema. The blood pressure was 
152/80. 


showed 
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The urine showed 1+ protein and rare hyaline 
and granular casts. The hematocrit level was 46 
per cent and the corrected sedimentation rate 
(Wintrobe) was 32 mm. per hour, the white blood 
cell count was 12,700. Thesblood urea nitrogen was 
21 meg., the creatinine 1.5 mg., the total protein 
7.1 Gm., the albumin 3.4 Gm., and the globulin 
3.7 Gm. per 100 mi. The serum sodium was 137 
mEq., the potassium 5.9 mEq., the chloride 95 
mEq. and the earbon dioxide 27.3 mEq. per liter. 

An electroeardiogram showed sinus rhythm at 
a rate of 110 with a P-R interval of 0.22 second, 
occasional ventricular premature beats, low QRS 
voltage, and ST-T abnormalities. A chest film 
revealed the heart to be generally enlarged, with 
a cardiothoracic transverse diameter ratio of 17:30, 
an elongated tortuous calcific aorta, and congested 
lung fields. 

The patient was given two 0.2-mg. doses of lana- 
toside C intravenously over a 2-hour period. This 
caused a slight inerease in rate and in the number 
of ventricular premature beats. Consequently, no 
further digitalis was given for 3 days. Treatment 
consisted of bed rest, aminophylline suppositories, 
and a low-sodium diet. No diuretics were given. 
The patient’s disorientation and Cheyne-Stokes 
respiration became worse. The urine output re- 
mained low (about 500 ml. per day) while the 
blood urea nitrogen rose gradually. 

Because of persistent tachyeardia and heart fail- 
ure, digoxin was begun on the fourth hospital day; 
table 1 shows the dosage of digoxin each day. 
By the sixth hospital day the patient was much 
improved. He had lost + pounds, was able to lie 
flat without dyspnea, and his ankle edema had 
disappeared. However, Cheyne-Stokes respiration 
and disorientation continued. An electrocardiogram 
at this time showed a sinus rhythm at a rate of 
118 with a P-R interval of 0.22 second and dis- 
appearance of the ventricular premature beats. 
On the twelfth hospital day, after a total of 7.25 
mg. of digoxin in 9 days and a weight loss of 10 
pounds, the heart rate suddenly slowed. The 
electrocardiogram (fig. 1) revealed atrial flutter 
with an atrial rate of 240, 
rate of 80, and a shifting 


an average ventricular 
atrioventricular bloek. 
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Ventricular premature beats had reappeared, 
sometimes in runs of 2. No gastrointestinal symp- 
oms were present. Digoxin was stopped. 

The following day the serum potassium was 4.9 
uKq. per liter. An electrocardiogram on the 
‘ourteenth hospital day showed coarse atrial fibril- 
ation with a ventricular rate of 85; ventricular 
yremature beats had disappeared. The next day 
in electrocardiogram disclosed reversion to sinus 
‘hythm at a rate of 100 with a P-R interval of 
).24 second. Digitalis was resumed 2 days later 
without further atrial arrhythmia. 

During this period, the patient continued to be 
lisoriented. Despite a marked improvement in the 
signs of congestive failure, Cheyne-Stokes respira- 
ion was still present. Dehydration and a urinary 
tract infection were treated but he gradually lapsed 
nto coma and died quietly on the twenty-fifth 
hospital day. 

At autopsy, the heart weighed 850 Gm. with 
marked hypertrophy and dilatation of the left and 
right ventricles and dilatation of the left atrium. 
All valves had thin pliable cusps. The chordae 
tendineae were thin and delicate. There was 
marked calcification of the left coronary artery, 
but no occlusion. Extensive patchy fibrosis of the 
myocardium of the left ventricle was seen micro- 
scopically. The lungs showed bronchapneumonia 
and moderate congestion. The liver was also con- 
vested. The kidneys revealed arterial and arteriolar 
nephrosclerosis. The remainder of the examina- 
tion, ineluding that of the brain, was noncontribu- 
tory. 

Discussion 

A number of authors'® have emphasized 
the rarity of atrial flutter due to digitalis in- 
oxication. Others®* have merely remarked 
hat any arrhythmia may be the result of too 
nuch digitalis and have usually referred to 
\atz® as the basis for this statement. Recent 
eviews*!! of digitalis toxicity fail to men- 
ion atrial flutter in this regard. 

Authentic cases of arrhythmias due to digi- 
ilis intoxication should meet 3 criteria: the 
atient should develop the arrhythmia while 
iking digitalis; he should not be taking any 
ther drugs known to cause cardiae arrhyth- 
las; and the abnormal rhythm should dis- 
ppear when the digitalis is discontinued. 
itrial flutter due to digitalis intoxication 
ust be carefully differentiated from paroxys- 
ial atrial tachyeardia with atrioventricular 
‘lock, which is a much more common manifes- 
ation of digitalis intoxication. The absence 


TABLE 1.—Digitalis Dosage, Cardiac Bhythm, and 
Serum Potassium Levels during Hospitalization 


Serum 
Hos- potassium 
pital Digitalis Digitalis (mEq. 
day preparation dosage Cardiac rhythm /L.) 


Ist Lanatoside 0.4 mg. Normal sinus 5.9 
Cc rhythm 

2nd None 

3rd None 

4th Digoxin 0.5 mg. 

5th 0.5 mg. 


5 
6th 0.75 mg. 


7th 1.0 mg. 
8th 0.5 mg. 
9th 1.0 mg. 
10th 1.0 mg. 
lith 1.25 mg. 
12th 0.75 mg. Atrial flutter 
13th None 
14th None Atrial 
fibrillation 
15th 0.5 mg. Normal sinus 
rhythm 
16th 1.0 mg. 
17th 0.5 mg. 
18th None 
19th Digitalis 
leaf 0.3 Gm. 
20th 0.2 Gm. 
21st None 
22nd 0.2 Gm. 
23rd =Digoxin 0.5 mg.. 
24th 1.0 mg. 4.8 


in all leads of the continuous base line undula- 
tion so characteristic of flutter and the slower 
average atrial rate are the most important 
electrocardiographie features that distinguish 
paroxysmal atrial tachyeardia with block.!*: 
The latter is ordinarily a distinctive clinical 
entity which may usually be differentiated 
from atrial flutter not due to digitalis.!% 
Wedd,"* in 1924, was apparently the first to 
report a case of atrial flutter due to digitalis 
intoxication. Eight years later, MeMillan and 
Bellet?® reported 2 more eases. Imelio and 
Taltavull'® in 1940 and Zubillaga* in 1942, 
each added 1 case to the literature. Cole,® in 
1950, while emphasizing diarrhea as a toxic 
effect of digitalis, presented a patient who de- 
veloped atrial flutter after an overdosage of 
the drug. Bickel and associates!’ reported 
a transient episode of atrial fiutter in a young 
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Fie, 1. Electrocardiogram showing atrial flutter with varying atrioventricular block and 


ventricular premature beats. 


woman who tried unsuccessfully to commit 
suicide with 50 mg. of digitoxin. Hejtmancik, 
Herrmann, and Bradfield!® mentioned 5 cases 
of atrial flutter produced by digitalis intoxi- 
cation and found that the arrhythmias re- 
verted to normal sinus rhythm after with- 
drawal of the digitalis. Unfortunately, these 
5 eases are the only ones of the 15 in the lit- 
erature in which electrocardiograms were not 
illustrated. The comment in the text that 
one of the cases showed several shifts from 
paroxysmal atrial tachycardia to flutter and 
back, strongly suggests that this may really 
have been a typical example of the several 
phases of paroxysmal atrial tachycardia with 
block due to digitalis intoxication. Lown and 
Levine’ have recently commented on 3 cases 


of atrial flutter which they thought were un 
equivocally due to digitalis overdosage. Two 
of these cases were different from the othe: 
cases reviewed here in that both were known 
to have had atrial fibrillation as their basi 
rhythm before the flutter appeared. Th 
presence of prior atrial irritability weakens 
the evidence for digitalis as the cause of flut- 
ter in these 2 cases; in the absence of digitalis 
intoxication, atrial fibrillation may often shift 
in and out of flutter.* Other clinical evidence: 
in these 2 cases points to digitalis as a likely 
cause of the flutter, however. 


The present case was an elderly man with 
arteriosclerotic heart disease and severe heart 
failure who developed atrial flutter with ven- 
tricular premature beats after a total dose ot 
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7.25 mg. of digoxin during a 9-day period. 
[his was probably an excessive amount if the 
iverage digitalizing dose of digoxin is con- 
idered to be 3.75 mg.!® or even less?° and the 
naintenance dose 0.25 to 0.75 mg.,”! in view of 
he following coexisting factors, which lower 
igitalis tolerance: (1) the patient having 
aken digitalis leaf 0.2 Gm. per day up to 3 
ays previously, and this preparation possibly 
ot having been fully excreted for 3 weeks,’ 
2) advanced age ** 
ieart failure, ** (4) renal disease,?* and (5) 
. diuresis of 9 pounds with a probably signif- 
‘ant potassium loss. Although serum levels 
lo not necessarily indicate the magnitude of 
otassium shifts, it is noteworthy that the pa- 
ient’s serum potassium fell 1.1 mEq. per 
liter during the period of digoxin administra- 
(ion. Supplementary potassium was not given 
because of a rising blood urea nitrogen. 
Sampson, Alberton, and Kondo** were the 
first to point out that ectopic beats due to digi- 
talis toxicity could be abolished by the ad- 
ininistration of potassium even with normal 
serum levels. Numerous subsequent studies 
have confirmed this and have established that 
depletion of potassium sensitizes the heart to 
digitalis.25-°9 
When atrial flutter developed, the patient 
was also receiving aminophylline suppositor- 
es, tetracycline, and methylphenidate hydro- 
hloride (Ritalin) ; these drugs are not known 
» cause this arrhythmia. Two days after 
ligitalis had been discontinued the atrial flut- 
‘r changed to atrial fibrillation and in 3 days 
ormal sinus rhythm was again present. 
own and Levine!® treated 2 patients with 
trial flutter due to digitalis intoxication with 
itravenous potassium chloride, 35 and 40 
Eq. respectively. They observed the same 
‘quence, namely a period of atrial fibrillation 
‘fore reversion to normal sinus rhythm in 
) and about 24 hours. Since it is well estab- 
shed that potassium loss causes atrial muscle 
» become refractory to vagal or other cholin- 
‘gic influence, they presumed that while the 
{ministered potassium was counteracting the 
irect muscular effects of digitalis it was also 
estoring atrial responsiveness to the excita- 


tory vagal effects with an interval of atrial 
fibrillation resulting. However, the same se- 
quence took place in the present case without 
supplementary potassium administration. Fur- 
ther, such a sequence is of course common 
following digitalis treatment of ordinary 
atrial flutter.2° Since digitalis facilitates po- 
tassium loss from the cardiac muscle cell, the 
similar sequence from flutter through fibrilla- 
tion to sinus rhythm under these 3 different 
circumstances may reflect the reentry of po- 
tassium into the cell, either as the digitalis 
effect recedes or as serum potassium levels are 
raised. Of greater practical significance was 
the observed prompt dissolution of digitalis- 
induced atrial flutter by means of potassium 
administration, because ordinary flutter may 
not respond even to toxic doses of potassium.!* 
This suggests that a therapeutic trial of po- 
tassium may be undertaken in instances of 
flutter in which digitalis intoxication may be 
implicated, provided no _ contraindications 
exist and proper safeguards are employed. 
Several reports of atrial flutter associated 
with digitalis intoxication have not been in- 
cluded in this review as examples of flutter 
due to digitalis. Two papers concerning digi- 
talis toxicity, one by Herrmann, Decherd, and 
McKinley*! and the other by Crouch, Herr- 
mann, and Hejtmancik* list 5 cases of atrial 
flutter occurring in patients who had digitalis 
toxicity but fail to mention whether these pa- 
tients had arrhythmias before digitalization 
or if the arrythmias disappeared on with- 
drawal of the digitalis. Moreover, these pa- 
tients may be the same as those mentioned 
in the previously cited paper by this group.'® 
In a recent review Shrager** enumerated 3 
cases of atrial flutter among 40 selected cases 
of digitalis toxicity but pointed out that these 
arrhythmias were associated with, and not 
necessarily caused by, the intoxication. In 
this regard, one should note that digitalization 
to the point of toxicity is often employed in 
patients with atrial flutter because the margin 
between the toxic dose and that required to 
achieve the therapeutic goal may be very nar- 
row in these cases.2? Two case reports**: *4 of 
atrial flutter due to digitalis toxicity fail to 
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meet the criterion that the arrhythmia should 
disappear when the drug is stopped. Both 
these patients were given more digitalis and 
finally reverted to normal sinus rhythm while 
still taking digitalis. 

The available information on the accepted 
cases of atrial flutter due to digitalis toxicity 
has been analyzed for clues as to when digi- 
talis intoxication could be considered the cause 
of the flutter. The ages of the patients varied 
from 32 to 85 years. Of 12 cases, only 3 were 
female but this incidence is presumably coin- 
cidental, or perhaps reflects the male prepon- 
derance that has been noted in ordinary atrial 
flutter.1% 16 
cluded syphilitic, rheumatic, and arterioscle- 
rotic ; 2 patients® ' had normal hearts. With 
the exception of these 2 cases, the patients 


The types of heart disease in- 


were in moderate to severe congestive heart 
failure. The digitalis preparation or route 
of administration did not appear to be sig- 
nificant variables. Data concerning serum 
potassium were lacking in most of these re- 
ports but, as far as could be determined, the 
administration of diuretics was not a possible 
cause of potassium loss when atrial flutter 
was developing except in 2 cases of Lown and 
Levine.!* 

Although the ventricular rate ranged from 
66 to 160, all but 3 of the cases had rates near 
the lower figure. The degree of atrioven 
tricular block varied from 2:1 to 12:1, but 
was usually of the higher degrees. Ventricu 
lar premature beats were observed in our 
patient and in at least 3 others in the litera- 
ture; adequate tracings were usually not 
In untreated flutter 
of the ordinary type the ventricular rate is 


available for analysis. 


rapid because the atrioventricular block is 
usually 2:1 and ventricular premature beats 
have been stated to be rare.'* The latter ob- 
servation would be consistent with the fact 
that a rapid ventricular rate tends to suppress 
the intrusion of ventricular premature beats,*° 
including those due to digitalis.** However, 
in one series of 40 patients with ordinary 
atrial flutter, 22 per cent showed ventricular 
premature beats.'* The discrepancy may have 
been due to the presence of congestive heart 
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failure, which may in itself be associated with 
ventricular premature beats.** 

From these considerations digitalis intoxi- 
cation may be suspected as the cause of atrial 
flutter when a patient with normal sinus 
rhythm develops atrial flutter with a slow 
ventricular rate after the administration of 
large amounts of digitalis. When the ven- 
tricular rate is rapid under such circum- 
stances, the occurrence of ventricular prema- 
ture beats also raises the possibility of 
digitalis overdosage, especially if congestive 
If there is 
reason to believe that the patient has recently 
lost potassium by diuresis or other means, 
this may be another helpful clue. Finally, 
even if serum potassium levels are normal 
and there is no clear-cut evidence of potassium 
loss, the prompt dissolution of a well-estab- 
lished flutter after a therapeutic trial of po- 
tassium points strongly to digitalis intoxica- 
tion as a possible cause of the flutter. 


heart failure is not prominent. 


SUMMARY 


Atrial flutter is a rare complication of digi- 
talis intoxication. Only 15 fairly definite 
cases could be found in the literature. 

A sixteenth case of atrial flutter due to 
digitalis toxicity is presented. 


The patient 
was an elderly man in severe congestive heart 
failure who received 7.25 mg. of digoxin dur- 
ing a 9-day period. 

Digitalis as a cause of atrial flutter should 
be suspected when the arrhythmia is associated 
with ventricular premature beats, despite a 
rapid ventricular rate, if congestive heart 
failure is not marked. The same may be said 
of flutter that develops in the presence of a 
slow ventricular rate in a heavily digitalized 
patient with congestive failure. A therapeu- 
tic trial of potassium may be helpful in 
doubtful cases. 


SUMMARIO IN INTERLINGUA 


Flutter atrial es un complication rar de 
intoxication per digitalis. Solmente 15 casos 
definite poteva esser trovate in le litteratura. 

Es presentate un dece-sexte caso de flutter 
atrial causate per toxicitate de digitalis. Le 
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patiente esseva un masculo de etate avantiate 


jui esseva in sever disfallimento cardiae con- 


restive e recipeva 7,25 mg de digoxina durante 


in periodo de 9 dies. 

Digitalis como causa de flutter atrial de- 
erea esser suspicite quando le arrhythmia es 
issociate con prematur pulsos ventricular in 
lespecto del accelerate frequentia ventricular, 
1 casos in que le congestive disfallimento car- 


liae non es mareate. 


Le mesmo pote esser 


licite con respecto a flutter que se disveloppa 
un le presentia de un lente frequentia ven- 
ricular in patientes con congestive disfalli- 


uento qui es fortemente digitalisate. Un proba 


herapeutic con kalium es a recommendar in 
‘asos de dubita. 
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John Wesley 
Physician and Apothecary 


Wesley emphasized the use of simple remedies. “Experience shows that one thing 
(one medicine at a time) will cure most disorders. Why administer more? Only to swell 
the apothecaries’ bill?) Nay, possibly on purpose: to prolong the distemper so that the 
doctor and apothecary may divide the spoil.” Indeed those appear to be harsh words 
and sentiments from a man of the cloth. 

Wesley established his “visitors of the sick” organizations in all his “Societies” of 
Methodists throughout England. He set up regular outpatient clinics in Bristol and in 
London. But wherever he went (and he travelled more than five thousand miles a year 
on foot and by horse) he saw the sick and prescribed for them within his abilities. In his 
absence from his clinies (he eventually made his peace with organized medicine of that 
day) he states in 1780 that “a physician is in regular attendance at the Chapel House 
in West Street (London) twice a week for three hours.” 

Wesley established his first clinic in 1746. One year later he decided the need for 
transmission of medical knowledge to the publie had to be met. And he did so in his 
inimitable manner. He wrote a book “Primitive Physic” or “An Easy and Natural 
Method of Curing Most Diseases.’”—ALFRED A. WEINSTEIN. John Wesley Physician and 
Apothecary. The Georgia Review 10: 3, 1956. 





Atrial Septal Defect: Factors Affecting 
the Surgical Mortality Rate 
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Analysis of accumulated experience with the repair of atrial septal defect in 119 adults 
has revealed several factors determinable preoperatively that appear to have a strong 
influence on the operative risk. These factors are related to the presence of pulmonary 
vascular disease or heart failure and contribute importantly to the selection of patients 


for operation. 


URGICAL treatment for atrial septal de- 

fect has been practiced for approximately 
) years. The selection of patients for opera- 
tion should be based upon a number of con- 
siderations, including knowledge of the 
operative mortality rate and factors influ- 
encing it. This study was undertaken for the 
purpose of gathering and interpreting data 
upon these matters. 


MATERIAL 


The records of patients 15 years of age or older 
who were operated upon by us before January 
1958 for repair of an atrial septal defect have 
heen analyzed. The first such operation in this 
institution was performed in February 1953. Pa- 
tients having partial persistent common atrioven- 
tricular canal (so-called ostium primum defect) or 
the complete form of this malformation were not 
included herein; these were reported on previous- 
v.! Patients with associated abnormalities such 
s valvular pulmonary stenosis, ventricular septal 
lefect, common atrium, or total anomalous pul- 
nonary venous connection likewise were not in- 
luded. Patients having partial anomalous venous 
onnection of the right lung were considered to 
ave a variant of simple atrial septal defect and 
vere included. A total of 119 cases fulfilled these 
ualifications. 

The notes concerning clinical findings were 
eviewed. Cardiac catheterization had been per- 
ormed? preoperatively at the Mayo Clinie in 83 
ver cent of the cases and elsewhere in an additional 

per cent. The observations at operation had 
een recorded in detailed notes, which were re- 
iewed. All deaths that occurred during operation 


From the Mayo Clinie and the Mayo Foundation, 
tochester, Minn. The Mayo Foundation is a part of 
he Graduate Sehool of the University of Minnesota. 


or during the period of postoperative hospitaliza- 
tion were considered operative deaths. 

One hundred and eight of the patients had been 
operated upon by the atrial-well teehnie.2 In 7 
patients repair was made through open eardiotomy 
with extracorporeal circeulation,! in most instances 
because of very high right atrial pressure. Four 
patients were operated upon by the Bailey technic® 
for miscellaneous reasons. 


RESULTS 
Fourteen patients did not survive the oper- 
ation or postoperative period in the hospital, 
for a total mortality rate of 12 per cent. In 
2 of the nonsurvivors, repair was not carried 
out because a decrease in systemic arterial 


blood pressure and an increase in pulmonary 
arterial pressure occurred when the defect 
was temporarily occluded. 


In only 2 of the 
14 cases were there obvious surgical technical 
factors that may have contributed  signifi- 
cantly to the death. In 1 patient, operated 
upon by the atrial-well technic, there was 
severe postoperative hemorrhage into the 
thorax, probably causally related to the pa- 
tient’s death with hyperpyrexia and oliguria 
48 hours after operation. Ina second patient, 
the quantity of heparin administered during 
operation was inadequate. 

The operative mortality in relation to the 
age of the patients is shown in table 1. The 
mortality rates in the various age groups are 
relatively uniform. 

A decision as to whether or not congestive 
heart failure was present or had previously 
been present was usually made by the exam- 
ining physician. It is fully realized that rigid 
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‘TABLE 1.—Age and Hospital Mortality Rate 


Hospital deaths 


Age (years) Total patients No. Per cent 


15-29 47 9 
30-39 34 12 
40-49 . 28 18 
50 or more 10 10 
Total 119 is 
definition of heart failure from elinical eri- 
teria is impossible. If congestive heart failure 
had occurred, the mortality rate was 39 per 
cent whereas in its absence the mortality rate 
was 7 per cent (table 2). 

Patients with a peak right atrial pressure 
of 15 mm. Hg or more, 10 in number, experi- 
enced a hospital mortality rate of 50 per cent 
(table 2). 
catheterized had a peak right atrial pressure 
of less than 15 mm. Hg, an assumption which 
seems Justified since all patients not catheter- 


It was assumed that patients not 


ized had clinically and surgically uncompli- 


cated septal defects and showed no evidence 
of heart failure or pulmonary hypertension. 

The magnitude and direction of the shunt 
were determined in patients catheterized in 
our institution.® For all patients not cathe- 
terized it is assumed that the right-to-left 
shunt was less than 10 per cent, an assump- 
tion* that seems justified for the reasons al- 
ready noted. This is the basis for the data 
econeerning the magnitude of right-to-left 
shunt recorded in table 2. A striking differ- 
ence exists between these 2 groups as regards 
operative mortality. In patients with a right- 
to-left shunt of 10 per cent or more, the hospi- 
tal mortality rate was 50 per cent. 

Fifty-three per cent of the patients with a 
systolic pressure of 75 mm. or more in the 
pulmonary artery were nonsurvivors, in con- 
trast to a mortality rate of 4 per cent in pa- 
tients with pulmonary arterial pressure of 
less than 75 mm. Hg. It was assumed that in 
patients not catheterized the systolic pressure 
in the pulmonary artery was 75 mm. or less, 
for the reason already noted. 


*The percentage figure refers to that proportion 
of blood passing through the systemic circulation 
which is shunted blood. 


In 45 patients data were available for cal- 
culations of total pulmonary resistance and 
total systemic resistance. The hospital mor- 
tality rate was 71 per cent for the 7 patients 
in whom the ratio of total pulmonary resist- 
anee to systemic resistance equaled or ex- 
ceeded 0.5 (table 2). 
ance ratio 


The use of this resist- 
rather than the pulmonary 
resistance itself serves to minimize the effect 
of nonspecific factors, such as body size, and 
to allow a more accurate comparison of such 
data. 

Table 3 lists individually the pertinent in- 
formation on each of the 14 nonsurviving pa- 
tients, which has already been assimilated in 
the figures presented in table 2. 


COMMENT 


The operative mortality rate encountered in 
this series for the repair of an uncomplicated 
atrial septal defect is less than 2 per cent, a 
risk so favorable that it approximates that of 
closure of an uncomplicated patent ductus ar- 
teriosus. In any condition the advisability of 
surgical treatment can be deduced only after 
careful consideration of the comparative risks 
of operative and nonoperative treatment. Be- 
cause of the low operative risk established in 
this large group of patients operated upon 
by the atrial-well technic, we feel justified in 
advising that an atrial septal defect of sig- 
nificant size be repaired by this method even 
in the asymptomatic or minimally sympto- 
matie patient. 

The evidence at present available appears to 
indicate that closure of atrial septal defects 
in patients in whom pulmonary blood flow is 
clearly less than systemic blood flow will al- 
most always result in death. The same appears 
true for patients with patent ductus arterio- 
sus, aorticopulmonary fistula, common atrio- 
ventricular canal, and ventricular septal de- 
fect. Such patients are not accepted by us 
for closure of their intracardiac defects. 

Only 1 of these 119 patients, who was 
operated upon early in the series, was inop- 
erable by this criterion, and he failed to sur- 
vive. Thirteen additional patients failed to 
survive. Since actual errors of surgical tech- 
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nic were rare, an inquiry into the factors that 
appear to have increased the risk of repair of 
atrial septal defect in the nonsurviving but 
theoretically operable patients is of impor- 
tance. Better treatment of patients with these 
factors present should reduce the risk of re- 
pair for them in the future. 

Age is the one factor so studied which 
(loes not appear per se to influence operative 
mortality strongly (table 1). It is amply 
demonstrated in table 2 that each of the fae- 
tors listed there has a significant influence on 
the risk of the operation. 

Rigid rules for the selection of patients for 
operation are seldom wise, for individual de- 
tails must be appraised in each patient. The 
experience reported here, however, suggests 
that a clinical history of congestive heart fail- 
ure, a markedly elevated right atrial pressure, 
a large right-to-left shunt, severely elevated 
pressure in the pulmonary artery, and mark- 
edly increased pulmonary vascular resistance 
adversely affect the operative risk in the group 
as a whole. : 

Furthermore, examination of each individ- 
ual patient in an effort to determine the in- 
fluence of abnormal values for these 5 fae- 
tors that might affect the outcome of operation 
has yielded information of great practical 
clinical value. As recorded in table 4, if none 
or only 1 of these unfavorable factors exists 
in a given patient, the risk of operation is 
highly acceptable. The risk is very high when 
2 such factors are present, and appears ex- 
treme in this series if 3 or more coexist. 

Attention must of course be given to the 
probability that improvement in operative 
management or in preparation of the patient 
will reduce the mortality for the various cate- 
zories of patients. 

Two of the 5 pertinent factors are directly 
‘elated to heart failure; these are a history 
£ congestive heart failure and a markedly 
‘levated right atrial pressure. Also, a large 
right-to-left shunt is probably indirectly re- 
ated in most instances to right ventricular 
failure. Very high pulmonary arterial pres- 
sure is usually related to greatly increased 


pulmonary vascular resistance. Thus, there 


TABLE 2.—Influence of 5 Specific Factors on 
: Operative Mortality 


Hospital 
Total deaths 
no. of Per 
Factor patients No. cent 


History or evidence of conges 
tive heart failure 
Present 
Absent 


Peak right atrial pressure 
15 mm. Hg or more 
Less than 15 mm. Hg 


Right-to-left shunt 
10 per cent or more 
Less than 10 per cent 
Pulmonary hypertension 
75 mm. Hg or more, systolic 
Clinically absent or less 
than 75 mm. Hg, systolic 


Ratio of total pulmonary 
resistanee to systemic 
resistancef 
0.5 or more F 5 71 
Less than 0.5 38 7 18 


*In 3 of the 7 who survived, the pulmonary arterial 


systolic pressure was 40 mm. Hg or less, suggesting 
that the increased right-to-left shunt was due to some 
other factor than failure of the right side of the 
heart. If these 3 patients are excluded, the mortality 
rate in the group of 11 remaining patients with a 
right-to-left shunt of 10 per cent or more is 64 per 
cent. 

Sufficient data to allow ealeulation of resistances 
were available for only 45 patients. This is therefore 
a somewhat selected group, weighted with those pa- 
tients for whom the advisability of operation was 


questioned. 


appear to be 2 basically important and closely 
interrelated determinants of the factors which 
influence survival of the patient who under- 
goes operative closure of an atrial septal de- 
fect; namely, the presence or absence of ex- 
cessively high pulmonary vascular resistance 
and the presence or absence of heart failure. 
Increased Pulmonary Vascular Resistance. 
When prolonged excessive blood flow through 
the lungs occurs, resulting from a left-to-right 
shunt of blood, obstructive changes in the 
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TasBLeE 3.—Five Factors Related to Operative Mor 
tality in Patients Representing Surgical Deaths 


Hg) 
Hg) 


pulmonary resistance 


to systemic 


resistance 
Left-to-right shunt, 


pulmonary blood 


systemic blood flow 
flow (%) 


(%) 


History or presence 


of congestive 
heart failure 
Pulmonary- 
artery systolic 
pressure (mm. 
Ratio of total 
(breathing air) 


Right atrial 
pressure (mm. 


Right-to-lef 


~ 
tO 
co a 
a) 
—_ 


Yes 
No 
No 
No 
No 
No 
Yes 
Yes 
10 Yes 
11 Yes 
12 Yes 
13i No S 2/4 53 
14¢ No 0 ] 63 


=> 


*Catheterization done elsewhere—data incomplete. 


fReading of ear oximeter dropped from 93 at rest 
to 88 with exercise. 
tDeath apparently due to technical factors. 


pulmonary vasculature develop in some _ pa- 
tients. The effect of increased pulmonary 
vascular resistance on hemodynamics and 
eardiac function differs significantly in the 
various congenital cardiac anomalies that per- 
mit a left-to-right shunt. 

For example, in the presence of a large 
ventricular septal defect or a large aorticopul- 
monary communication the volume of blood 
shunted is a function of the relative pul- 
monary and systemic resistances. As the pul- 
monary resistance increases, a progressively 
smaller proportion of the pulmonary blood 
flow originates from the left ventricle. 

In contrast, the volume of blood shunted 
through an atrial septal defect is only indi- 
rectly related to pulmonary vascular resist- 
ance, but rather is directly related to the 
relative volumes of blood that the right and 
left ventricles will accept from the atria dur- 
ing diastole. The atria can probably be re- 
garded as a single reservoir for filling of the 
ventricle in the presence of an atrial septal 


defect of a size that does not materially re- 
strict free flow of blood between the atria. 
The volume of blood entering either ventricle 
during diastole is dependent upon many fac- 
tors, such as the relative impedance to the flow 
of blood offered at the mitral and tricuspid 
valves, and the completeness of emptying of 
each ventricle during systole. Probably most 
important are the relative volume distensibili- 
ties of the left and right ventricles, which are 
in part determined by the thickness and plia- 
bility of the ventricular walls. In the absence 
of markedly inereased pulmonary vascular 
resistance and associated pulmonary hyper- 
tension the wall of the right ventricle is thin- 
ner and more distensible that that of the left 
ventricle, resulting in a large left-to-right 
shunt. Probably for the same reason, in the 
normal heart the end-diastolic pressure in the 
left ventricle is significantly higher than in 
the right. Thus, in the presence of an atrial 
septal defect, the hypertrophy of the right 
ventricle associated with the development of 
severe pulmonary hypertension may induce 
distensibility characteristics that more closely 
approximate those of the left ventricle, with 
concomitant reduction of the left-to-right 
shunt and the development of a right-to-left 
shunt. 

There is a second contrast between the 
hemodynamic consequence of pulmonary hy- 
pertension in the presence of a ventricular 
septal defect and in the presence of an atrial 
septal defect. In the former, when pulmo- 
nary resistance is still low, the left ventricle 
has a large volume load imposed upon it, but 
as pulmonic resistance increases, the left ven- 
tricular volume load diminishes toward nor- 
mal without a concomitant increase in its 
pressure load. It is never called upon to ex- 
pel its blood against a resistance greater than 
that of the systemic vascular bed. Indeed, as 
pulmonary resistance climbs to excessive lev- 
els and a predominant right-to-left shunt ap- 
pears, the strain imposed by the hemodynamic 
derangement shifts from the previously bur- 
dened left ventricle to the right ventricle. 

However, in the case of an atrial septal 
defect, when the progressive increase in pul- 
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monary resistance is associated with a reduc- 
tion in the volume of left-to-right shunt, the 
volume of blood pumped by the right ventricle 
is thereby lessened, but the total work load 
of the right ventricle remains increased above 
the normal level. Thus, in contrast to ventric- 
ular septal defect, the development of pulmo- 
nary hypertension in a patient with an atrial 
septal defect may not significantly lessen the 
encumbrance of the initially overburdened 
right ventricle. 

Heart Failure. The data presented dem- 
onstrate that strong evidence for the presence 
of heart failure indicates a high operative 
risk for closure of an atrial septal defect. 
Therefore, it may be well to consider the 
mechanisms that result in heart failure in the 
presence of an atrial septal defect.‘ 

Of nonsurvivors in this series, 4 of 14 pa- 
tients exhibited signs of heart failure in as- 
sociation with severe pulmonary hypertension, 
and in each of these the volume load on the 
right ventricle had been much reduced by an 
increasing right-to-left shunt as well as by 
the reduction in volume of blood shunted from 
left to right. 

Three patients exhibited strong evidence of 
heart failure in the absence of severe pulmo- 
nary hypertension, with large pulmonary 
blood flows and decreased pulmonary resist- 
ances. It may be significant that in 2 of these 
patients, marked tricuspid insufficiency was 
noted at operation, more severe than was 
noted in other patients in the series. Tricus- 
pid insufficiency, of course, imposes a still 
greater volume load on the right ventricle. 

Once chronic heart failure, from whatever 
cause, has occurred, the ability of that heart 
to regain compensation is apparently ham- 
pered, since any tendency to do so again in- 
‘reases the volume of the left-to-right shunt 
ind thus the work of the right ventricle. 
Therefore, in certain patients it would seem 
inordinately difficult for the right ventricle 
io recover from a state of chronic failure, for 
not only is it unable to escape the burden of 
any existing pulmonary hypertension, but 
also, as it might tend to regain compensation, 
the volume load imposed upon it is increased. 


TABLE 4.—Relation of Over-all Operative Mortality 
Rate to Number of ‘‘Specific Factors’’ Present in 
Individual Patients 


Factors* 
present 


in patient No. of patients 


Mortality (%) 


None f Li 


1 22 4.5 
é 56 


*The 5 adverse factors listed in table £ 


This does not pertain in the case of acute 
heart failure due to severe arrhythmia, to 
which these hearts are prone, and which may 
quickly subside with the return of normal 
rhythm. 
SUMMARY 

The data on 119 adult patients who had 
been operated upon by us for closure of an 
atrial septal defect were studied to determine 
what features determinable preoperatively 
bear upon the patient’s ability to survive the 
operative period. Of the several factors so 
analyzed, 5 are significantly related to sur- 
vival, namely, a history of clinical congestive 
heart failure, a markedly elévated right atrial 
pressure, a large right-to-left shunt, severely 
elevated pressure in the pulmonary artery, 
and markedly increased pulmonary vascular 
resistance. Each of these pertains to the 
presence of heart failure or excessive pulmo- 
nary vascular resistance. The mortality rate 
for repair of uncomplicated atrial septal de- 
fects by the atrial-well technic was less than 
2 per cent. 


SUMMARIO IN INTERLINGUA 


Datos colligite in le casos de 119 patientes 
adulte operate per nos clauder un defecto del 
septo atrial esseva studiate con le objectivo 
de determinar qual factores de determinabili- 
tate pre-operatori affice le capacitate del pa- 
tientes de superviver al periodo del operation. 
Inter le varie factores analysate ab iste punc- 
to de vista, 5 es significativemente relationate 
al question del superviventia. Illos es (1) un 
historia de clinie congestive disfallimento car- 
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diac, (2) un marecatemente elevate pression 
dextero-atrial, (3) un grande derivation dex- 
tero-sinistre, (4) un severmente elevate pres- 
sion in le arteria pulmonar, e (5) mareate 
augmentos del resistentia pulmono-vascular. 
Omne iste factores es relationate al presentia 
de insufficientia cardiac o de excessos del re- 
sistentia pulmono-vaseular. Le mortalitate in 
le reparo de non-complicate defectos del septo 
atrial, effectuate per medio del technica a pu- 
teo atrial, esseva quasi 2 pro cento. 
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as 2 hours with no ill effeets. In the control subjects there was no significant electro- 
cardiographic change nor any important alteration in systemic blood pressure, oxygen 
saturation, cardiac output, or oxygen consumption. The main pulmonary artery 
pressure rose about 30 per cent but exhibited a slight fall on breathing 100 per cent 
oxygen, indicating further expansibility of the vascular tree. Apparently marked 
increases in unilateral flow (even to 5 times normal) are attended by significant de- 
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Another indication of retrograde flow from the left atrium was the finding of high 
blood oxygen saturation. There was evidence of bronchial artery-pulmonary vascular 
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Serum Cholesterol in Man: Diet Fat 
and Intrinsic Responsiveness 
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Data obtained from a number of dietary experiments in man yield a formula by which 
the responses in serum cholesterol to changes in diet can be predicted: In this paper 
the reliability of this formula is tested and the effects of various types of fatty acids 


on serum cholesterol are investigated. 


HE serum cholesterol concentration in 

man is strongly influenced by both the 
amount and kind of fat in the diet and it is 
necessary to differentiate between at least 3 
classes of fatty acids, saturated, monoenoiec, 
and polyenoic. Furthermore, even on a fixed 
diet there are intrinsic differences between 
individuals. Finally, intraindividual varia- 
bility is substantial as shown by spontaneous 
day-to-day variations. All these factors com- 
plicate the evaluation of the effects of the 
diet and the prediction of serum cholesterol 
responses to given dietary changes. How- 
ever, the present paper will show that the 
average cholesterol responses of groups of 
men to changes of fat in the diet can be satis- 
factorily predicted from knowledge of the 
amounts of fat in the diet and that such pre- 
diction can be made even for groups of men 
who are relatively hypercholesteremic or 
hypocholesteremic. 


Preliminary Prediction from 41 Sets of Data 

As a first approximation we proposed! that 
the serum total cholesterol concentration be 
expressed as 


Chol. = k + DS + cM + dP (1) 


vhere k refers to all factors, other than the 
‘ats in the diet, that influence the cholesterol 
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level and S, M, and P are, respectively, the 
percentages of the total calories in the diet 
supplied by glycerides of saturated, mono- 
Actually, 
"is almost en- 


enoic, and polyenoie fatty acids. 
in the diets used, ‘‘monoenoic’ 
ce 


tirely oleic acid, while 
entirely linoleic acid. 


polyenoic’’ is almost 
If everything else is 
constant, then, a change in the diet in respect 
to S, M, and P would produce a change in the 
cholesterol level : 

A Chol. = bDAS + cAM + dAP (2) 

The values of the coefficients b, c, and d, 
may be estimated from experimental data on 
men who change their diets by the isoealoric 
exchange of fats for the carbohydrates of 
bread and jelly, or of one kind of fat for an- 
other, the diet being otherwise constant. In 
effect, for the solution of equation 2, we re- 
quire a series of average serum cholesterol 
values of the same men on diets differing in 
respect to S, M, and P. 

Accordingly, we carried out rigidly ¢on- 
trolled experiments on groups of 12 to 27 
men who exhibited no disorder of cholesterol 
metabolism. From the average values in 41 
sets of comparisons, each involving one group 
of men on each of 2 diets for periods of 2 to 
4 weeks, we obtained? the following values 
for the coefficients in equation 2: b = 2.74, 
e = 0,d =-1.31. Thus equation 2 becomes 

A Chol. = 2.74 AS -— 1.31 AP (2A) 
where A Chol. is measured in mg. per 100 ml. 
of serum. 

The fats involved in the comparisons that 
yielded equation 2A, included butterfat, olive 
oil, cottonseed oil, sunflower seed oil, safflower 
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TABLE 1.—Design of Experiment N. 6 Men in 


Each Group 


Group Dietary Period 


Days 1-28 Days 29-49 Days 50-70 Days 71-91 Days 92-112 
W H SO X X CO 
B H CO X X sO 
H X SO CO x 
H X CO SO Xx 


H, house; SO, safflower oil; CO, corn oil. 

Diets X maintained the constancy of calories and 
proteins but involved other variables not considered 
here. 


oil, and the mixed fats of ordinary American 
diets at several levels of fat concentration. 
Comparisons involving corn oil in the diet 
were not included because of evidence that 
part of the effect of corn oil on the serum 
cholesterol concentration may be dependent 
on some factor other than the fatty acid in 


." 

Since equation 2A was published, we have 
carried out a critical experiment with 22 men 
to check the question of the effect of dietary 
monoene on the serum cholesterol level.4 It 
was found that the isocaloric substitution of 
68 Gm. of oleic acid glyceride in the daily diet 
for carbohydrate, and vice versa, had no effect 
whatever. Since the only monoene contained 
in appreciable amount in all ordinary diets 
is oleic acid, it appears that the value of 
c = 0 in equation 2 is well demonstrated. 

Equation 2A satisfactorily fitted the aver- 
age cholesterol changes observed in the ex- 
periments that provided the data used in the 
derivation, with a coefficient of correlation of 
r = 0.978 between the 41 observed averages 
and those predicted. But it is important to 
examine equation 2 with additional experi- 
mental data, to consider the ease of corn oil, 
and to evaluate the situation with men who 
differ intrinsically in their cholesterol levels 
on a given diet. 


MerrTHODS AND SUBJECTS 


As in experiments previously reported,?~ all 
experiments were conducted with strict 24 hour 
dietary control, and blood samples were drawn 
for analysis at least twice from each man in the 
last days of each dietary period. Serum total 
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TABLE 2.—Eaperiment N. Mean Dairy Calories, 
Protein and Total Fat Eaten on the Diets, Together 
with Mean Body Weights at the End of the Dietary 
Periods 


Item Group WY 


Group XZ 


Number of men 

Age 

Body weight, Kg. diet H 
Body weight, Kg., diet SO 67.7 
Body weight, Kg., diet CO 67.5 
Calories, diet H 3180 3130 
Calories, diet SO 3210 3160 
Calories, diet CO 3180 3160 
Protein, Gm., diet H 98.9 98.7 
Protein, Gm., diet SO _ 98.8 98.6 
Protein, Gm. diet CO ms 99.5 102.9 
Total fat, Gm., diet H 37.4 136.3 
Total fat, Gm., diet SO 136.8 134.8 
Total fat, Gm., diet CO 137.5 135.3 


—LaAa oO = 
49 9 = LO 


12 
50.6 
67.4 


, house; SO, safflower oil; CO, corn oil. 


cholesterol was measured by the method previously 
deseribed.6 The subjects were stabilized schizo- 
phrenie men who were physically healthy and were 
maintained on a regimen of constant activity. They 
were weighed, nude, in the basal state each week 
and the total calorie consumption was individually 
adjusted by adding or subtracting bread, jelly, 
and dry breakfast cereal from the standard meas- 
ured ration to maintain constancy of body weight. 
Actual food intakes, minus any plate waste, were 
recorded for each man for each meal. 

In all the experiments reported here the men 
were divided into matched subgroups and subsisted 
on the experimental diets in a cross over or switch- 
back arrangement. This is illustrated by the de- 
sign of experiment N, given in table 1. 

Food actually eaten was recorded for each man 
and the nutrient contents, including fatty acids, 
were calculated from tables of average values for 
each food item. The experimental fats were anal- 
yzed independently in each ease, and, in the ease 
of the more recent experiments (since 1955) in- 
cluding the new experiment series N and P, the 
fats in samples of the whole diets, as eaten, were 
extracted and analyzed directly for fatty acid 
composition. 

Series N Experiments 

The design. of the N series of experiments is 
given in table 1. Note that this comprises 2 inde- 
pendent sets of experiments on 2 different groups 
of 12 men each, each group being subdivided into 
2 subgroups who made their safflower oil vs. corn 
oil dietary changes in reverse order so that any 
time trend independent of the diet was automati- 
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cally compensated for. This cross over arrange- 
ment was not feasible in the case of the H diet 
but the relative stability of the cholesterol values 
in repeated samplings indicates that no large time 
trend was present. 

Table 2 shows the mean values for calories, 
proteins, and total fats in the diets and the body 
weights at the ends of the dietary periods in the 
N series. Table 3 gives the mean intakes of gly- 
cerides of saturated, monoenoie, and polyenoic 
fatty acids. Table 4 gives the serum cholesterol 
values (means of duplicates) for each of the 2+ 
men on each of 2 occasions on each of the 3 types 
of diets. 


Analysis of 19 Additional Sets of Comparisons 


The basic data of 10 sets of experiments involv- 
ing corn oil or fish oil have been published else- 
where,? but were not used in the derivation of 
equation 2A. Full data on 3 sets of new experi- 
imental comparisons (the P series) have also been 
published. Table 5 summarizes these data, as well 
as the 6 sets of comparisons from the N series, in 
a form suitable for application to equation 2. 

We have shown that a small part of the effect 
on serum cholesterol of corn oil is apparently 
attributable to the larger amount of nonsaponifi- 
zble matter in this oil as compared with the other 
fats tested.2 When fed at the level of*100 Gm. 
daily in a diet balanced at about 3,200 calories, 
2s in the experiments involving corn oil in table 5, 
an average depression of about 6 mg. cholesterol 
per 100 ml. serum is attributable to the excess 
nonsaponifiable matter (phytosterol) in the corn 
oil. Aceordingly, table 5 allows for this fact in 
the column of predicted “A Chol., corrected.” 

Tt is clear that equation 2A provides satisfactory 
prediction of the average cholesterol changes ob- 
served in these 19 sets of experiments, and that 
this is improved by allowing for the nonsaponifi- 
able matter in corn oil. The standard error of 
estimate was calculated as SEE = (3 A?/N)*% 
where A is the discrepancy between observed and 
predicted changes in cholesterol concentration in 
the serum and N is the number of pairs (19). The 
result with equation 2A is SEE = +7.1 mg. per 
100 ml. With use of the prediction corrected for 
the nonsaponifiable matter in corn oil (when ap- 
plicable), the value is SEE = + 5.1. 

A completely independent solution of equation 
2 with the method of least squares was obtained 
by using the observed raw data as given in table 
) and again using these data corrected by 6 mg. 
per 100 ml. in the case of the corn oil experiments. 
In both eases the value of the coefficient ¢ in 
equation 2 was found to be statistically not dif- 
ferent from zero. The results of the least squares 
solutions of the regression equation are given in 
table 6 for the 19 sets of observed data of table 5, 
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TABLE 3.—Experiment N. Mean Intakes of Gly- 
cerides of Saturated, Monoene, and Polyene Fatty 
Acids 


Saturated Monoene Polyene 
Gm./ To Gm./ % Gm. % 
Group Diet day al. day Cal. day Cal. 


WY H 65.9 61.9 E 10.7 3.0 
WY SO 29.3 &- 26.4 ’ 81.1 22.8 
WY CO 33.6 9.5 2. 2. 61.5 17.4 
XZ H 64.6 1. - 10.6 3.0 
XZ SO 28.8 25. a 80.3 22.8 
xe CO 328 9.3 e 11.8 61.0 17.3 


H, house; SO, safflower oil; CO, corn oil. 


for these data corrected by 6 mg. in the cases 
where corn oil was involved, and also for the 15 
sets of data when the comparisons with the H diets 
were omitted (because a switchback design was 
not employed to eliminate all possibility of arte- 
fact by time trend). The latter solution with 15 
sets of data avoids any possibility of error from 
uncompensated time trends in the comparisons in- 
volving the H diets. 

The coefficients obtained in the 4 solutions are 
statistically not different from each other or from 
those in the previous solution (eq. 2A) from the 
data in 41 different sets of experiments. A test 
of the homogeneity of variances indicated that the 
data in table 5 may be considered to be homogen- 
eous with those in the previously reported 41 sets 
(table VII),2 so it was considered justifiable to 
pool the entire material of 60 sets of data. The 
method of least squares was used to obtain another 
solution for equation 2A, with use of the raw 
data of the 60 sets. This yielded 


A Chol. = 2.73 AS — 1.30 AP (2B) 


When the corrected A Chol. values for the experi- 
ments involving corn oil were used, the 60 sets of 
data yielded the solution 


A Chol. = 2.68 AS — 1.23 AP (2C) 


The standard errors of estimate for equations 
2B and 2C were ealeulated from the differences 
between observed and predicted A Chol. and it 
was found that SEE = +5.79 for equation 2B 
and SEE = +4.88 for equation 2C. The standard 
errors of the 2 coefficients in equation 2B are 
SE, = + 0.086, SE, = + 0.100, and in equation 


2C, SE, = + 0.084, SE, = + 0.073. 
Intrinsic Differences Among Men 

The data in table 4 illustrate the well known 
fact that even on exactly the same diet and when 
other conditions in the mode of life are standard- 
ized, there are consistent differences in serum 
cholesterc? level among individual men. Subjects 
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TABLE 4.—Serum Total Cholesterol Values, Mg. per 
100 M1., for the 24 Men in the N Series of Experi- 
ments 


Diet H Diet SO Diet CO 


Sub- 
ject Day 26 Day30 Day19 Day21 Day19 Day 21 


Wi 232 249 142 160 146 142 
W2 207 aoe 150 154 163 162 
W3 176 184 134 128 138 137 
Ww4 220 231 72 166 164 160 
270 276 179 177 178 190 
227 224 192 180 188 180 
204 202 180 184 179 164 
219 230 178 184 180 174 
235 228 170 159 186 72 
184 178 154 170 151 150 
170 164 137 140 131 126 
188 176 142 138 128 126 
Mean 21: 160.83 161 161 156 
Grand 
mean 212.3% "6.23 161.25 +3 158.95 +4.28 
X1 7§ 129 132 153 144 
X2 ss 166 138 142 140 134 
X3 256 241 196 200 199 204 
X4 é 206 148 152 149 144 
X5 196 160 156 161 162 
X6 213 210 175 170 178 72 
Zl 189 128 126 150 152 
Z2 7§ 160 144 142 142 137 
Z3 149 37 120 119 122 121 
Z4 288 304 227 226 230 236 
Z5 235 234 188 183 195 190 
Z6 168 17% 133 134 140 142 
Mean 205.16 199.50 157.16 156.83 163.25 161.50 
Grand 
mean 202.33 2+8.44 157.00 +7.68 162.37 +6.46 


The number of days of subsistence on each type 


of diet is indicated at the heads of the columns. 


W5 and Z4, for example, are consistently relatively 
hypercholesteremic while subjects Y4 and Z6 are 
consistently low in cholesterol level. But do such 
men differ in responsiveness to a dietary change? 

This question ean be examined by comparing 
the magnitudes of the serum cholesterol responses, 
to a given dietary change, of experimental sub- 
jects classified according to their cholesterol values 
on a given control diet. This has been done by 
subdividing the 24 men in the N series into 2 
groups of 12 men each. The “higher” group 
averaged 235.3 mg. per 100 ml. on the H diet and 
exhibited an average fall of 58.7 on the SO diet; 
the “lower” group had corresponding averages of 
179.4 and 37.8 mg. per 100 ml. These results are 
given in table 7 together with a similar analysis 
of the data published by Starke? on 154 patients 
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on a control diet and again after subsistence on 
a rice-fruit diet. Both sets of data show an im- 
portant relationship between responsiveness and 
the intrinsie (control) level of cholesterol. 

Theoretically, to some extent such a difference 
in “responsiveness” could be more apparent than 
real. With a single measurement of serum cho- 
lesterol on the H diet, both random intraindividual 
variability and measurement error would combine 
to group overestimates in the “higher” group and 
underestimates in the “lower” group. Then a 
second measurement on the SO diet, with both 
sources of variation again acting at random, would 
tend to show larger A Chol. in the “higher” than 
in the “lower” group, even if there were, in fact, 
no real relationship between intrinsic level and 
A Chol. But this possibility can be eliminated 
by a more elaborate analysis of the data in table 4. 

Comparison of the serum cholesterol values on 
the first and second oceasions of blood drawing 
on a constant diet will reveal the magnitude of 
any such artefactitious trend. This comparison 
may be made by solving, with the method of least 
squares, the regression equation, Y = a + bX, 
where X is the value on the first occasion, Y is 
that predicted for the second occasion, a and b 
are the intercept and slope of the regression line, 
respectively. Table 8 shows that on each of the 
3 diets the slope of the regression line relating 
the first to the second blood samples is not signifi- 
cantly different from unity and therefore there is 
no significant artefactitious trend. 

Table 8 also shows the results of this regression 
analysis applied to the prediction of the individual 
cholesterol values on the SO and CO diets from the 
cholesterol values of the same individuals on the 
H diet. In all eases the slope, b, is different from 
unity with high significance. 

The regression constants in table 8 pertain only 
to the data of table 4. It is more convenient to 
make the analysis in percentage terms which have 
general application : 

A% =a + OX% (4) 


where X% is the cholesterol value of an individual 
expressed as a percentage of the mean of a group 
or population on the same given diet, and A% is 
the predicted cholesterol change of that individual 
in response to a particular diet change, again 
expressed as a percentage of the mean change of 
the group undergoing the same dietary alteration. 
In these terms, for the data of table 4, we have 
the following solution for equation 4: H to SO, 
a= 3) = Lis? ot CO. a = -64,6 = 164. 
Note that A% = 100 when X% = 100 and a = 
100 (1-b). 

Table 9 summarizes 3 more sets of original data 
suitable for analysis in the above terms. Four 
blood samples were drawn, on different days, from 
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TABLE 5.—Mean Differences between % of Calories Provided by Glycerides of Saturated 
(AS), Monoene (AM), and Polyene (AP) Fatty Acids, Together with Mean (and S.E.) 
Serum Total Cholesterol Differences (A Chol.) Observed and Predicted from Equation 2A 


Expt. 
series Diet comparison 


HwWxX Cottonseed-Corn Oil 
JWX 3utterfat-Corn Oil 
JWX Olive-Corn Oil 

JIWX Sunflower-Corn Oil 
JSYZ Cottonseed-Sardine Oil 
JYZ Olive-Sardine Oil 

JYZ Sardine-Corn Oil 

JYZ Olive-Corn oil 

JYZ Butterfat-Corn Oil 
JYZ Butterfat-Sardine Oil 
NWY House-Safflower 

NWY House-Corn Oil 9.1 
NWY Safflower-Corn Oil - 13 
NXZ House-Safflower 10.3 
NXZ House-Corn Oil 9.2 
NXZ Safflower-Corn Oil - 1.1 
P Olive Oil-Low Fat 4.1 
P Safflower Oleo.-Low Fat 4.2 
Safflower Oleo.-Olive Oil 0.1 


AP A Chol. (mg. %) 


Observed Predicted 
19.3+4.2 112 
45.1+3.6 


27.2+3.6 Bes 


Corr. Pred. 
17.3 


| 
_ 
nn 


Lb 
> 
© 


Oe tw 
ONUMA NE 
nwn 


| 


10.144.6 
20.143.8 


30.2+5.6 


97 


ae 
13.7 
1.4 i 59.55.7 
4.1 ‘i 39.4+5.6 
10.1 Lit 3 
5.5 3.46.2 
— 4.6 5.4 2. 
10.2 9. 45. 
5. 0.0+3.8 
— 4.5 5.£ 5.442. 
20. 2.6 2.544. 
2.0 2.6 2.54.5 


—18.1 0 0+3.1 


- 
wo w 


5 
5 
32.7 


3+4.2 


The last column gives the predicted values when allowance is made for an average of 6 mg. 
Y% cholesterol depression for nonsaponifiable matter in corn oil when this oil comprises about 


28% of total calories. 


each man in the third and fourth weeks of sub- 
sistence on fixed control diets (not identical in 
the 3 experiments). Two to 4 more blood samples 
were drawn, again on different days, after several 
weeks of subsistence on another diet, variously 
low in total fat or involving substitution of a 
vegetable oil for saturated fats, in the several 
experiments. Calory equilibrium was maintained 
throughout and each blood sample was analyzed, 
in duplicate, for serum cholesterol. Table 9 gives 
the means of these duplicates for each individual, 
expressed as percentages of group means in the 
control period and as percentages of the group 
mean changes in the experimental period to facili- 
tate analysis in the form of equation 4. 

In all 3 experiments it was found that the cho- 
lesterol response to the dietary change was linearly 
related to the intrinsic level of the individuals 
as indicated by their values on the control diet. 
The slopes of the least-squares regression lines, in 
equation 4, were b = 1.92, b = 1.93, and b = 1.59 
in experiments V, VII, and IX, respectively. 

The applicability of equation 4 to other groups 
of persons and to other situations producing serum 
cholesterol changes may be checked with data in 
the literature. Individual “before” and “after” 
serum total cholesterol values are provided by 


Hateh et al.S on 24 hypertensive men changed to 
a rice-fruit diet, by Best et al.2 on 14 men before 
and during daily sitosterol treatment, and beta 
lipoprotein cholesterol values by Farquhar and 
Sokolow!’ on 15 patients before and after sub- 
stitution of safflower oil for a fixed part of the 
saturated fats in the diet. The findings from these 
data are summarized in table 10, which also gives 
the comparable figures from the original data of 
the present paper. 

The estimates of the slope, b (+ S. E.), are 
given in table 10. None of these differs signifi- 
eantly from each other. The largest difference, 
that between the series of Hatch et al. (b = 2.80) 
and experiment IX (b = 1.59), has a standard 
error of +0.79, which gives a t value of 1.53. 
Since for a probability of 0.1 the required t value 
is 1.7, the difference is insignificant. 

A good general estimate for the slope, b, would 
be the weighted mean of all 8 estimates in table 
10, with the number of persons in each series 
used as the weights. This weighted mean is b = 
1.91. Accordingly, we have 


A % =191 X% - 91 (4A) 


It may be noted that the individual data of 
Starke? are not available for a least-squares solu- 
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TABLE 6.—Solutions of Equation 2, A Chol. 


bAS + dAP, with the Data in Table 5 


Sets of data 


Raw 19 
Corrected 19 


Raw 15 


— 
_ 


Corrected 15 


‘*Raw’’ uses the observed data without changes; 
‘*Corrected’’ uses the same data but allows 6 mg. of 
cholesterol per 100 ml. for the effect of extra non 
saponifiable matter in corn oil. The solutions with 
only 15 sets of data were obtained by omitting com 
parisons involving the H diets in the N series of 
experiments. 


tion of equation 4, but the means of the 2 groups 
allow a solution by simultaneous equations. The 
result is - 

A% = 199 X% - 99 (4B) 
which is in good agreement with equation 4A. 
General Prediction of Response to Dietary Change 

Equation 2C (and 2B) was derived from data 
on men with a narrow range of group average 
intrinsic cholesterol values. On a diet of the eur- 
rent American type, with S about 20 and P about 
3 (per cent of total calories), these group averages 
were in the range of 215 to 235 with a grand 
average of about 225. Equation 4A shows the 
relative difference in response to diet of men who 
differ intrinsically in cholesterol level. Hence, 
from the information from equations 2C and 4A, 
it is now possible to formulate a general predic- 
tion of cholesterol responses to change in dietary 
fat. 

Let Z,, Zo, and Z, refer to the average serum 
cholesterol values of a reference group of men on 
diets characterized by S,, P,; So, Ps; and Sz, Ps, 
respectively, the reference group being so defined 
that they will have Z, = 225 when S, = 20 and 
P, = 3. In other words, equation 2C will apply 
strictly to this reference group, and for such a 
reference group a change from a diet with S8; = 
20, P; = 3 to a second diet represented by So, Pos, 
should result in an average serum cholesterol 
change, as predicted by equation 2C, of A Chol. 
= Z, -— 225 = 2.68 (S_ — 20) - 1.23 (P. - 3). 

For another group of men, let G,, Go, and Gs 
refer to their average cholesterol values on the 
above diets (S,,P:; Ss, Ps; S3, Ps), where G; + 
225 when 8; = 20 and P,; = 3. These men, in 
other words, are intrinsically different from the 
reference group to whom equation 2C applies 
without correction. 

Now consider the situation where Gy has been 
measured on a diet with S. and Py, and it is de- 
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TABLE 7.—Serum Cholesterol Responses (Means and 
Standard Errors) to Given Dietary Changes of Sub- 
jects Classified as ‘‘ Higher’’ and ‘‘ Lower’’ in Chol- 
esterol Level on a Control Diet 


Series A 


No. of Higher Lower Higher Lower 
persons 12 12 125 29 


Series B 


Control Chol., 

mg. % 235.32:7.7 179.424-5.3 289+4.1 199+3.2 
Expt. Chol., 

mg. % 176.6+6.2 141.6+4.9 209+4.0 166+4.9 
A Chol., 

mg. % 58.72-5.4 37.8245 8025.7 3325.8 


Series A is from the data of table 4, ‘‘Control*’ 
being the H diet and ‘‘Expt.’’ being the SO diet; 
Series B is from Starke’ for -patients on a control 
diet and after change to a rice-fruit diet. 


sired to predict the value of Gg when the diet is 
changed to S, and Ps. In order to correspond 
with the form of equation +A, it is necessary to 
put the cholesterol values into percentage terms: 
X% = 100 Gs / Ze. and change from diet 2 to 
diet 3, A% = 100 (Gg - Gs) / (Zg - Zo). 
These expressions may be put into equation 4A: 
A% = 100 (Gz - Gy / (Z, - Z.) = 
1.91 (100 G,) / Z, - 91 (4C) 


which may be rearranged : 

G, = 091 (Z, — Ga — Zs) + 191 Gy Z, / Zq (4D) 
The values of Z. and Zs necessary for the solu- 

tion of equation 4D are found by the application 

of equation 2C, using the reference value of 

Z, = 225 when S = 20 and P = 3: 

Z, — 225 = 2.68 (S, — 20) — 1.23 (Ps - 3) (2D) 


whence 


As an example of the calculation, take the case 
where Go = 300 when S, = 25, Ps = 4, and it is 
desired to predict Gz when S, = 10, P,; = 10. 
In this ease we have 


Zo = 175 + 2.68 (25) — 1.23 (4) = 237.1 
75 


Z,= + 2.68 (10) — 1.23 (10) = 195.6 and 
Gz, = 0.91 (237.1 — 300.0 — 195.6) + 
1.91 (300) (195.6) (237.1) = 2358 


Test of Predictions with Published Data 

There are surprisingly few data in the literature 
suitable for test of equations 2E and 4D (or 2C 
and 4A). Malmros and Wigand!! have reported 
data from 4 dietary experiments on “healthy volun- 
teers” and these are summarized, together with 
predictions, in table 11. In the first 2 of those 
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TABLE 8.—Values for the Slope b (+S.E.), and the 
Intercept a in the Least-Squares Solution of y = a + 
bX, where X is Serum Cholesterol on One Occasion 
and y is That Predicted for the Same Man on a 
Second Occasion, Calculated from the Data in Table 4 


Diets compared N b 


He vs. Hi 24 

SOz Vs. SO, 24 

COz vs. CO; 24 1.02+0.05 

H2, SOs, COz vs. Hi, SOi, CO. 72 1.02+0.03 
SO, vs. H: 24 =20.3 :0.67+0.09 

SO. vs. He 24 68.5 0.44+0.08 

SO,, SOe vs. Hi, He 48 35.2 0.600.006 
CO; vs. Hi 24 =637.9 0.60+0.08 

CO: vs. He 24 58.1 0.49+0.07 

CO,, COs vs. Hi, He 48 29.7 0.6320.05 
SO,, SO., COi, COe vs. Ha, He 96 32.4 0.61+0.04 


1.11+0.06 
0.94+0.06 


H, house; SO, safflower oil; CO, corn oil. Subseripts 
indicate the oceasions. N, number of comparisons. 


experiments the dietary periods were long enough 
(4 weeks each) to assure approximation to a cho- 
lesterol plateau, but in the other experiments the 
periods are too short (1 to 24% weeks) to be sure 
on this score. 

The predictions in table 11 make nd allowance 
for the cholesterol-lowering effect of the nonsapon- 
ifiable matter in corn oil. A reasonable estimate 
of this effect would be about 6 to 8 mg. of cho- 
lesterol per 100 ml. If this is included, the 
predicted A Chol. values (line 11 of table 11) 
would be +54, -61, -15, and -19. While the 
prediction may tend to exceed the observed A Chol. 
values, especially in experiment 1, it appears that 
the same general relationships hold for the volun- 
teers in Lund, Sweden, as for the Hastings subjects 
in Minnesota. 

The data published by Farquhar and Sokolow!” 
do not include fully adequate details for the “eon- 
trol” diet eaten by their patients but an approxi- 
mate test is possible. Fats provided an average 
of 41 per cent of the calories in the control diet 
and 95 per cent of these fats were from animal 
sources or were hardened vegetable fats. The 
experiment consisted of supplanting 30.8 per cent 
of the fat calories in the control diet by safflower 
oil. On the presumption that the control diet 
conformed to the usual American food pattern, a 
rough estimate is that the average composition of 
the fats in the control diet was about 50 per cent 
saturated and from 6 to 8 per cent polyunsatur- 
ated. The safflower oil used to supplant these fats 
in the amount of 30.8 per cent of the total calories 
contained 6 per cent saturated and 73 per cent 
polyunsaturated fatty acids. Accordingly, if the 
patients of Farquhar and Sokolow were like our 
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PREDICTION OF SERUM CHOLESTEROL RESPONSE 
TO CHANGE IN DIET FATS 
° 


PREDICTED 


6 100 200 300 400 500 600 700 800 


OBSERVED CHOLESTEROL, mg.% 
(DATA FROM AHRENS et al., '57) 


(DATA FROM EXPERIMENT SERIES “N") 


PREDICTED 


@* Mean of WY Series 
as * . 


100 150 
MPSFRVED CHOLESTEROL, mg.% 

Fig. 1 Top. Observed and predicted individual serum 
cholesterol values following dietary change by the 
men studied by Ahrens and others.!2 The cireles 
with crosses correspond to data from patients 13 and 
15 whose cholesterol values were unusually resistant 
to dietary effects. 

Fig. 2 Bottom. Observed and predicted individual 
serum cholesterol values for the men in experiment N. 


own subjects, the change from the control to the 
safflower oil diet would produce an average serum 
total cholesterol change of A Chol. = 0.308 [2.68 
(6 - 50) - 1.23 (73 - 7) ] = —- 59 mg. %. 
Farquhar and Sokolow reported an average change 
of — 52 + 5.8 mg. of beta lipoprotein cholesterol 
per 100 ml. with no change in the alpha fraction. 
Hence we have observed A Chol. = — 52, predicted 
A Chol. = — 59. 





TABLE 9. 
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Individual Serum Total Cholesterol Values, X, and the Changes, Y, in Response 


to Diet Changes, Expressed as Percentages of the Mean Values for the Group 


Experiment V 
Subject x Subject 
Fr 85 H 1 
ir H ¢ 
F H ; 
F H - 
F : d H : 
F 6 H 
F 
iP 
F 
F10 
Fll 
F12 
F13 
Fl4 
F15 
F16 
P17 
F18 


H28 
H29 
H30 
H31 
H32 
H33 


Mean (mg. %) (238.1) 


Experiment VII 


xX 


91 


86 
ro 
 P 


88 


(34.9) Mean (mg.%) (217.3) 


Experiment IX 
Subject x 


84 


J 
J 
J 
J 
J 
J 
J 


J21 87 
J22 98 
J23 125 
J24 104 
J 25 103 
J26 117 
148 
48 J29 100 
169 J30 87 
103 J31 111 139 
18 J32 88 70 
30 J33 106 116 
J34 92 70 


(38.9) Mean (mg. %) (218.4) 


(53.2) 


Four blood samples were analyzed from each man on each of two diets in each experiment. 


The absolute grand means, in mg. per 100 ml., are given in parentheses at the end of each 


eolumn. 


However, the agreement between observation 
and prediction is not quite this good. On the 
average, the patients of Farquhar and Sokolow 
seem to be intrinsically somewhat hypercholester- 
emic, so the predicted A Chol. should allow for 
this fact. Accordingly, the best prediction for 
A Chol. would be somewhat greater than — 59, 
more like — 70 per 100 ml. Alternatively, 
it could be suggested that their patients did not 
precisely exchange 30.8 per cent of control diet 
fat calories for safflower oil. If it is presumed 
that they faithfully ingested the safflower oil daily 
in an amount calculated to represent about 31 


meg. 


per cent of their ealory requirements, it is ques- 
tionable whether the corresponding reduction in 
their control diet was achieved entirely at the 
expense of control diet fat. For example, if they 
were no longer allowed to have butter, did they 
actually continue to eat the same amount of bread 
as before An average reduction of only a slice 
or two of bread daily during the safflower oil 
period would account for the discrepancy between 
observation and prediction. 

Ahrens et al.!° provided adequate dietary data 
for their experiments with formula feeding but 
their material is peculiar in several regards: 1. 
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TABLE 10.—Estimates of the Intercept, a, and the Slope, b, in Equation 4: A% = a + 
bX%, where X% is the Individual Serum Cholesterol Value as % of the Group Mean on a 
Reference Diet, and A% is the Predicted Change of the Same Person as % of the Group 
Mean Change 


Ref. Chol. (mg. %) A Chol. (mg. %) 
Series N Mean S.D. Mean S.D. 


Hateh et al.” 24 222.1 
Best et al.° 14 312.1 
Farquhar and Sokolow” 15 Saa7 
N series, H to SO 24 207.3 
N series, H to CO 24 207.3 
Expt. V 18 238.1 
Expt. VII 24 217.3 
Expt. IX 26 218.4 


534.8 

55.4 2.10+0.22 
22.5 ! 1,690.56 
19.9 73 1.730.25 
19.2 j 1.64+0.24 
15.6 - 1.92+0.39 
18.2 1.93+0.58 
21.4 og 1.59+0.28 


34.0 34.6 
188.0 53.0 
41.7 48.7 
25.4 48.2 
25.4 46.7 
44.9 34.9 
34.4 38.9 


35.5 53.2 


It Ht Ht HO Ht It It 
tt it Ht Ht It I+ Ht | 


Weighted mean 169 226.7 — 44.5 — ¢ 1.91 


Group means (and standard deviations) are in absolute terms (mg. %). 


N, number of persons. 


They used no ordinary diets but only liquid 
formulas. 2. Individual patients were studied re- 
peatedly but it is not possible to analyze group 
averages so as to reduce the factor of individual 
variation. 3. Most of their patients were metaboli- 
cally abnormal, as indicated by hypercholesteremia, 
xanthomatosis, ete. Two patients (nos. 13 and 15), 
who suffered from arteriosclerotic heart disease 
and myocardial infaretion as well as xanthomatosis 
and hypercholesteremia, were remarkable in being 
almost completely uninfluenced by the diet. 

However, it is of interest to consider the pre- 
dictions for the results of changes in the fats in 
the formula diet. Figure 1 includes all of the 
data on the men studied by Ahrens et al. with 
the exception of comparisons involving coconut 
oil. The latter were omitted because of our suspi- 
cion that the short-chain fatty acids in coconut 
oil have a rather different quantitative effect from 
the fatty acids in most common food fats.2_ The 
mean chain length in coconut oil is only 12.4 
compared with 15.0 for butter and 16 to 17.5 for 
most other food fats and oils. The predicted 
values in figure 1 were obtained by the application 
of equations 4D and 2E. The coefficient of cor- 
relation between predicted and observed values is 
r= -+ 0.94. If the 3 values from patient no. 15 
are omitted, the coefficient of correlation, between 
the observed cholesterol change in response to 
diet change and that predicted, is r = + 0.955. 
Their patient no. 1, who had the most extreme 
hypercholesteremia, makes a large contribution to 
the correlation coefficient, but even when he is 
omitted the correlation between observed and pre- 
dicted A Chol. is r = 0.86. 

For comparison with figure 1, we ‘have used 
equations 2E and 4D to predict the individual 
cholesterol responses of our subjects in changing 


from the H to the SO diet in experiment N. The 
result is given in figure 2. The correlation between 
observed and predicted cholesterol values of the 
individual men on the SO diet is r = 0.85. It 
should be observed, of course, that intraindividual 
variability in serum cholesterol, plus the error of 
the method of measurement, means that any single 
estimate of cholesterol change is subject to an 
appreciable error. Accordingly, in a sample of 
subjects who exhibited only a limited range of 
intrinsie differences, it cannot be expected that 
an extremely high correlation will be found be- 
tween observed and predicted values. 
Discussion 

The variations in total serum cholesterol 
concentration considered here are the result 
of variations in the cholesterol in the beta 
lipoprotein fraction as separated by paper 
electrophoresis or by cold ethanol fraction- 
ation. The alpha lipoprotein cholesterol is not 
altered by changes in the fat in the diet and, 
for that matter, no dietary manipulation is 
known to affect the level of the alpha fraction. 
Farquhar and Sokolow’® found the average 
serum concentration of alpha lipoprotein cho- 
lesterol to be the same in their subjects on 
their control diet, on their safflower oil diet, 
and during the periods of sitosterol adminis- 
tration. Similar constancy of the alpha frac- 
tion was found in all of our experiments with 
different amounts and kinds of fats in the 
diet, as well as in our comparisons of popu- 
lations habitually subsisting on different 
diets.5 13, 14 





TABLE 11. 


Observed and Predicted Mean 
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Serum Cholesterol Values, Mg. per 100 ML., 


in 4 Experiments 


Diet 1, type 

Diet 1, % eal. from saturated fats 

Diet 1, % eal. from polyunsaturated fats 
Diet 1, cholesterol, observed 

Diet 1, cholesterol, predicted for reference ment 
Diet 2, type 

Diet 2, % eal. from saturated fats 

Diet 2, % eal. from po'yvunsaturated fats 
Diet 2, cholesterol] observed 

A cholesterol observed 

A cholesterol predictedy 


Expt. I 


Corn oil 


Milk fat 


1 
4. 
ae 


Expt. II Expt. VII Expt. VIII 


Milk fat Olive oil 

6 23 5 3 
21" 3* 5* l1* 
140 190 185 170 
165 233 182 180 


Rape seed oil 


Corn oil Corn oil Corn oil 
2% 6 6 6 

21" on" 21* 
7: 140 170 158 
3: —50 -15 -12 
4 —d4 -8 -l2 


Data from Malmros and Wigand" on 12 subjects in experiments I and II,#11 subjects in 
experiments VIT and VIII. Diet periods 4 weeks each in experiments I and II, 2% weeks in 
the first period and 1 week in the second in experiments VII and VIII. 


*Ineluding estimate of 1% of total ealories from linoleic acid in cereals and vegetables in 


the diet. 


*Men who average 225 mg. % on diet with S=20%, P=3« 


2.68 (S-20) -—1.23 (P-3). 


The present analysis is concerned entirely 
with adult men. We have conducted no ex- 
periments with women or children. There is 
no information in the literature which proves 
that cholesterol responses to the diet are iden- 
tical in the 2 sexes but if they are not, they 
are similar, at least, to judge from the experi- 
mental data of Groen et al.,!° Ahrens et al.,!* 
and Malmros and Wigand.'!! Surveys of both 
sexes in populations subsisting habitually on 
(lifferent diets also indicate that men and 
women are much alike in their cholesterol re- 
sponse to the diet.!® 

The surveys of Scrimshaw, Balsam and 
Arroyavel® suggest that the general choles- 
terol response of children to fats in the diet 
is similar to that of adults. It is clear that 
children are like adult men in being unin- 
fluenced by large variations in dietary cho- 
lesterol.’* However, though we suspect that 
the relative effects on the serum cholesterol of 
different types of fatty acids in the diet are 
the same in children and in adults, the avail- 
able data do not make it possible to decide 
whether the absolute effect is the same. It 
cannot be stated, for example, that intrinsic 
serum cholesterol level in a child bears 
the same relationship to serum cholesterol 


3%. For sueh men, Chol, —225 


adults. 

The present analysis is concerned with the 
isocaloric exchange of fats for other fats or 
for carbohydrates in the diet. What may hap- 
pen when a fat supplement is added to the 


responsiveness as found among 


diet is conjectural in the absence of other 
information. If the body weight remains con- 
stant in spite of such supplementation, this 
means that either the calories spent for physi- 
cal activity have been increased or that the 
basic diet has been reduced in an amount to 
correspond with the calories in the supple- 
ment. The latter would seem to be more likely 
in most eases and the question then is as to 
the particular kinds of foods reduced in the 
basie diet. 

We presume that, in general, the ingestion 
of a fat supplement will tend to decrease the 
appetite for fat and that, in effect, the pre- 
scription of a fat supplement such as corn or 
safflower oil may automatically bring about 
some degree of substitution for other fat in 
the basic diet. The ‘‘other fats’’ would be, 
of course, those most easily altered in the diet 
of the patient by his spontaneous choice, i.e., 
the saturated fats of butter and of meats. Un- 
less allowance were made for the possibility 
of such spontaneous substitution, it would be 
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erroneous to eredit a cholesterol response 
solely to the effect of the fat supplement. 

We have discussed this point in connection 
with our experiments with supplements of 
different kinds of fats for medical students 
who were instructed to continue with their 
ordinary diet while taking the supplements.’® 
That some substitutions did occur was shown 
by the facet that the students did not gain 
enough weight to correspond with the extra 
calories in the supplements. 

The recent report of Perkins, Wright, and 
(Giatje®® is of interest in this connection. Their 
24 male medical students received, alternately, 
an emulsion providing 48 Gm. safflower oil 
daily or a carbohydrate ‘‘ 
240 calories. 


placebo”’ providing 
The safflower oil preparation, 
which also contained a mixture of 5 emulsi- 
fying (surface active) agents, supplied 450 
calories. During the period on the supple- 
ment there was an average weight gain of 2 
Ke. but it is not clear whether this refers only 
to the 6 to 7 weeks on the safflower oil supple- 
ment or to the entire 13 weeks om the oil or 
placebo supplements. In any ease, the weight 
gain is less than would correspond to the ex- 
cess calories provided in the supplement, an 
excess which adds up to about 21,000 calories 
during the oil period and 11,000 during the 
placebo. In terms of adipose tissue these eal- 
ories correspond to about 3 Kg. for the oil 
period and close to 5 Kg. for the entire 13 
weeks. We conclude therefore that the basic 
diet must have been reduced or that these 
young men increased their physical activity 
by about 200 calories daily. 

Perkins et al. stated that the average basic 
diet (estimated by questionnaire) before the 
start of the study provided 2,350 calories 
daily. The usual composition of safflower oil 
being assumed, with about 12 per cent satu- 
‘ated and 78 per cent polyunsaturated fatty 
acids, this means that the 48 Gm. oil supple- 
ment provided a daily average of about 5.8 
Gm. saturated and 37.4 Gm. polyunsaturated 
fatty-acid glycerides. -The basic diet, of the 
usual American type, provided 42 per cent of 
total calories from fats, so it may be estimated 
as being characterized as 8; = 21 and P; = 3 
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(per cent of calories from glycerides of satu- 
rated and poly-unsaturated fatty acids). Dur- 
ing the oil supplementation, the basic diet 
was not actually decreased, the diet would 
have been So = 19.5 and Ps = 14.5. 

From equation 2C the average expected 
cholesterol change would be then A Chol. = 
2.68 (19.5-21.0) — 1.23 (14.5-3.0) = —18.1 mg. 
per 100 ml. However, these young men are, 
compared with our reference, intrinsically 
hypocholesteremic, with an average of 191.5 
mg. cholesterol per 100 ml. on the control 
diet, while the reference men would have an 
average of 229.5 on that diet. Correcting for 
this fact (by applying equation 4D), the pre- 
dicted result of the oil supplement on the 
cholesterol level of these young men is an 
average fall of 15.1 mg. per 100 ml. Actually, 
in both safflower oil and placebo periods the 
serum cholesterol steadily rose, and after 13 
weeks the average was an increase of 22 mg. 
for the 12 men ending with the placebo and 
of 29 me. for the 12 who had the oil emulsion 
during the final 6 weeks. 

Consideration of the experiment of Perkins, 
Wright, and Gatje leads to the conclusion that 
only a small effect of the safflower oil emul- 
sion could have been expected and that other 
factors, probably including changes in the 
basie diets, were operative during the period 
of the experiment. The latter conclusion is 
also in accord with the expectation that freely 
selected diets will necessarily change from 
late summer (the control period) to early 
winter. 


SUMMARY 
The effects on serum cholesterol concentra- 
tion of different percentages of total calories 
supplied by glycerides of saturated (S), 
monoene (M) and_ polyunsaturated (P) 
fatty acids were analyzed in terms of the pre- 
diction equation 
Chol.. — Chol.y = b(Sg — 8,) + c(My — M,) + 
aCP a= Py) 
where Chol. is in mg. per cent and the sub- 
scripts refer to first and second diets. 
The coefficients in this equation obtained by 
the method of least squares from the data of 





212 


19 sets of dietary comparisons, with 12 to 22 
men in each set, were not different with sta- 
tistical significance from those obtained in a 
previous analysis of 41 sets of similar data. 
The final result from the combined analysis 
of all 60 sets of comparisons was b = 2.68 + 
0.08, ce = 0, d = —1.23 + 0.07. 

These coefficients apply to the average A 
Chol. of reference men in calory equilibrium 
who have an average of about 225 mg. choles- 
terol per 100 ml. of serum on a diet in which 
the values of S and P, as percentages of total 
calories, are about 20 and 3, respectively. 

Men who are intrinsically hypercholeremic 
exhibit greater cholesterol response to dietary 
changes, while hypocholesteremic men are less 
responsive than reference men. In general, 
if X% is the cholesterol value of an individ- 
ual, expressed as percentage of the average of 
a group of men on the same diet, and A% is 
that individual’s cholesterol response in 
changing to another diet, also expressed as 
percentage of the group average response to 
the same dietary change, we have 


A% = 191 X% 91. 


Analyses of 9 sets of data (5 original and 4 
from the literature) yielded coefficients not 
significantly different from those in the above 
equation. 

Published data from controlled dietary ex- 
periments in Sweden and in New York show 
serum cholesterol changes resulting from 
given dietary changes that are highly corre- 
lated with the results predicted from ealeu- 
lations based on the equations and coefficients 
viven in the foregoing. 

It is concluded that in man (a) oleie acid 
elyceride in the diet is substantially the equiv- 
alent, in serum cholesterol effect, of equal cal- 
ories from carbohydrate, (b) the glycerides 
of saturated fatty acids in ordinary food fats 
raise the serum cholesterol level, those of poly- 
unsaturated fatty acids (mainly linoleic acid) 
lower it, and in this respect it requires slightly 
more than 2 Gm. of linoleic acid to counter 
the effect of 1 Gm. of a saturated fatty acid 
such as stearic or palmitie acid, (¢) intrinsic 
relative hypercholesteremia is generally asso- 
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ciated with relative hyper-responsiveness to 
dietary fat changes, and (d) the above rela- 
tionships allow reasonably accurate predic- 
tions of group average responses in serum 
cholesterol level to given changes in dietary 
fats. 
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SUMMARIO IN INTERLINGUA 

Le effectos producite in le concentration de 
cholesterol del sero per -suppler le calorias 
total in le forma de varie proportiones de gly- 
ceridos de acidos grasse saturate (S), mono- 
enic (M), e poly-nonsaturate (P) esseva ana- 
lysate super le base del equation de predic- 
tion: 
Chol.. — Chol., = b(S. - S,;) + c(My - 

d(P, - P,) 


M,) + 


in que Chol representa cholesterol in mg pro 
cento e in que le cifras abassate se refere a 
un prime e secunde dieta. 

Le coefficientes obtenite per iste equation 
secundo le methodo de quadratos minime ab 
le datos de 19 experimentos de comparation 


dietari, con inter 12 e 22 homines participante 
in cata un del experimentos, non differeva a 
erados de signification statistic ab le coeffici- 


entes correspondente que esseva obtenite pre- 
viemente in 41 experimentos de natura simi- 
lar. Le resultato final ab le analyse combinate 
dle omne le 60 comparationes esseva b = 2,68 
+ 0,08, e = 0, d = —1,23 + 0,07. 
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Iste coefficientes es applicabile al valor 
nedie de A Chol de subjectos de referentia in 
quilibrio caloric qui ha un valor medie de 
irea 225 mg de cholesterol per 100 ml de sero 

un dieta in que le valores de 8 e P, como 
rocentage del calorias total, es circa 20 e 3, 
espectivemente. 

Ilomines qui es intrinsecamente hypercho- 
esterolemie exhibi plus pronunciate respon- 
as cholesterolic a alterationes dietari, duran- 
e que homines hypocholesterolemic es minus 
esponsive que homines de referentia. In gene- 
‘al, si X% es le valor de cholesterol in un 
erte individuo, exprimite como procentage 
lel valor medie de un gruppo de homines con 
e mesme dieta, e si A% es le responsa choles- 
erolic del mesme individuo como effecto del 
ransition a un altere dieta, etiam exprimite 
‘omo procentage del valor medie del respon- 
as de un gruppo al mesme alteration dietari, 
nos obtene: 


A% = 1.91 X% — 91. 


Le analyse de 9 series de datos, 5 original 
« 4 ab le litteratura, resultava in coefficientes 
ion significativemente differente ab illos in 
le supra-presentate equation. 

Datos in le litteratura, ab controlate experi- 
mentos dietari effectuate in Sveda e in New 
York, monstra alterationes del cholesterol del 
cro in consequentia de specific alterationes 
lietari que es correlationate a alte grados con 
‘ resultatos predicite per calculationes super 
ls base del equationes e coefficientes supra- 
presentate. 


Es conecludite que in humanos (a) glycerido 


‘ acido oleic in le dieta es essentialmente le 
juivalente, quanto al effecto super le cho- 
sterol del sero, de carbohydrato con le mes- 
e valor caloric, (b) le glyceridos de saturate 
idos grasse in ordinari grassias alimentari 
igmenta le nivello de cholesterol in le sero, 
os de poly-nonsaturate acidos grasse (prin- 
palmente acido linoleic) reduce lo, e in iste 
specto levemente plus que 2 g de acido lino- 
ic es requirite pro cortrariar le effecto de 
g¢ de saturate acido grasse como per exem. 
0 acid stearic 0 palmitic, (¢) intrinsee hy- 
‘rcholesterolemia relative es generalmente 
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associate con hyper-responsivitate relative a 
alterationes de grassia dietari, e (d) le rela- 
tiones hie discutite permitte satis accurate 
predictiones del responsas medie del nivello 
de cholesterol del sero in gruppos de indivi- 
duos como effecto de specific alterationes del 
erassias dietari. 
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Medical Eponyms 


By Ropert W. Buck, M.D. 


Aschoff Bodies. These structures were first described by Ludwig Aschoff (1866-1936), 
then Professor of Pathology at Freiburg, in an article entitled “The Problem of Myo- 
carditis” (“Zur Myoearditisfrage”) which may be found in the Verhandlungen der 
Deutschen Pathologischen Gesellschaft, Achte Tagung, Jahrgang 1904, Heft 2, Jena, 
1905, pp. 46-53. 

“We succeeded in finding peculiar nodules which seemed to be specific for rheumatic 
myoearditis. These nodules were clearly marked, it is true, in only two eases of recur- 
rent endocarditis, but corresponded in their location exactly to the cellular proliferation 
found in other cases. They usually lay in the neighborhood of small or medium sized 
blood vessels and often showed the most intimate relation to the adventitia of these 
vessels, or there was found simultaneous involvement of all layers of the blood vessels, 
such as has been described in arteriitis nodosa. The nodules are extremely small, at 
most submiliary in size, and arise through the collection of notably larger elements with 
one or more abnormally large, slightly notched, or polymorphic nuclei. The aggregation 
of cells often occurs in the form of a fan or rosette. The periphery is formed by the large 
nuclei; the center by the confluent protoplasm of the cells which often seems to stain 
weakly, or otherwise appears to be a necrotic mass. The fan-shaped foci recall, when 
superficially observed, the tiny necrotic areas of gout with the peripheral cell mantle as 
they are frequently found in gouty kidneys.” 





Severe Acidosis and Hyperpotassemia Treated 
with Sodium Bicarbonate Infusion 


By Kuno C. Scuwarz, M.D., Burton D. Conen, M.D., GLENN D. LuBasu, M.D., 
AND ALBERT L. Rusin, M.D. 


Four uremic patients with severe acidosis, hyperpotassemia, and electrocardiographie 
signs of toxicity were treated with intravenous sodium bicarbonate. Serial determinations 
showed a fall in plasma potassium, a rise in blood pH, and regression of the electro- 
eardiogram toward normal. The mechanisms responsible for these changes are discussed. 


YPERPOTASSEMIA is a serious and 
often fatal complication of advanced 
renal insufficiency. Its principal lethal action 
is its depressant effect on the myocardium. ” 
In uremia, hyperpotassemia is frequently 
accompanied by acidosis, hyponatremia, hypo- 
caleemia, alterations in body water, and 
changes in cellular metabolism.* Correction 
of these associated electrolyte abnormalities 
is often accompanied by improvement in the 
electrocardiographic manifestations of hyper- 
potassemia. In the correction of hyperpotas- 
semia and acidosis with alkali salts, therapeu- 
tie success has been achieved with both sodium 
bicarbonate and sodium lactate. Recently, 
the latter agent has been the more popular. 
This report outlines our experience with 4 
uremic patients with severe acidosis, hyperpo- 
tassemia, and electrocardiographic evidence of 
advanced cardiac effects. Treatment consisted 
of the rapid infusion of 5 per cent sodium 
bicarbonate and, in each ease, correction of 
the acidosis was accompanied by lowering of 
plasma potassium and reversal of the electro- 
‘ardiographie signs. 


METHODS 


Plasma sodium and potassium were determined 
ma Perkin-Elmer, Model 52-A flame photometer, 
vith use of a lithium internal standard. Plasma 
‘hlorides were determined by the method of Schales 
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and Schales, as modified by Summerson. Venous 
blood pH was determined on a Cambridge Research 
pH meter with use of a constant-temperature water 
bath to maintain at 37 C. Plasma volume was 
measured by the dye-dilution technie with T 1824. 


CasE REPORTS 

Case 1. B. R., a 46-year-old woman with poly- 
cystic kidney disease, was admitted to another 
hospital with symptoms of uremia. On admission, 
physical examination revealed masses in both 
flanks. The blood urea nitrogen was 90 mg. per 
cent. The plasma sodium was 134 mEKq./L., plasma 
potassium 4.8 mEq./L., and plasma chloride 108 
mEq./L. Carbon dioxide combining power was 
not determined. An electrocardiogram was within 
normal limits. Five days after admission the pa- 
tient became disoriented, and deep respirations 
were noted. She was transferred to Bellevue Hos- 
pital for possible dialysis with the artificial kidney. 

Plasma electrolyte values on admission were 
potassium 5.9 mKq./L., chloride 89 mEq./L., car- 
bon dioxide combining power 1.3 mM/L., and blood 
pH 7.18. The blood urea nitrogen was 100 mg. 
per cent. Plasma volume was markedly reduced. 
The electrocardiogram revealed peaked T waves 
(fig. 1, 10:05 p.m.). Beeause of the severe symp- 
tomatic acidosis, an intravenous infusion of 5 per 
cent sodium bicarbonate was begun. After admin- 
istration of 408 mM (34 Gm.) of sodium biecar- 
bonate in 4 hours, the patient’s respirations became 
normal and her sensorium cleared. An electrocar- 
diogram at this time had changed and now sug- 
gested hypopotassemia. The duration of the QRS 
complex was now normal (fig. 1, 2:00 a.m.). The 
plasma electrolyte values were sodium 144 mKq./L., 
potassium 3.0 mEq./L., chloride 89 mEq./L., and 
carbon dioxide combining power 6.2 mM/L. The 
blood pH was 7.29. During this interval urinary 
output was 200 ml. with electrolyte concentrations 
of sodium 87.0 mKq./L., potassium 31.0 mEq./L., 
and chloride 38.0 mEq./L. 

Subsequently the patient was maintained on 5 
to 10 Gm. of sodium bicarbonate a day during 
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Fic. 1 Top left. Eleetrocardiogram before and after the administration of sodium bicarbonate. 
Note the alterations suggestive of hypopotassemia at 2:00 a.m. 


Fig. 2 Bottom left. Electrocardiogram before 


and after the administration of sodium bi- 


carbonate showing regression of conduction disturbances and return of sinoatrial activity. 


Fic. 3 Top right. Electrocardiogram before 


and after the administration of sodium biear- 


bonate showing regression of conduction disturbance, lowering of the T waves and return of 


sinoatrial activity. 


Fig. 4 Bottom right 


carbonate suggesting lowering of peaked T waves. 


hospitalization. This amount of sodium biearbon- 
ate was found necessary to maintain the carbon 
dioxide combining power between 15 and 20 mM/L. 
She was accordingly discharged on maintenance 
bicarbonate therapy. 

Case 2. H. M., a 28-year-old white woman, was 
admitted to a local hospital with acute renal failure 
associated with a Bacillus Welchii infection follow- 
ing an induced abortion. She was oligurie for 8 
days and was transferred to Bellevue Hospital for 
dialysis with the artificial kidney. On admission 
the blood pressure was 90/60 and the respirations 
were deep. Chvostek and Trousseau signs were 
present. The electrocardiogram showed prolonga- 
tion of the QRS complex and atrial arrest (fig. 2, 
5:00 p.m.). Plasma electrolyte values were so- 
dium 131 mEq./L., potassium 8.6 mEq./L., chloride 
90 mEq./L., carbon dioxide combining power 1.3 
mM/L., and ealcium 5.4 mg. per cent. Blood pH 


. Eleetroeardiogram before 


and after the administration of sodium bi- 


was 7.10 and urea nitrogen was 210 mg. per cent. 
Plasma volume was within normal limits. 

While preparations for dialysis were being made, 
144 mM (12 Gm.) of sodium bicarbonate and 2 
Gm. of calcium gluconate were administered intra- 
venously in 2 hours and 15 minutes and, at the 
start of dialysis, the electrocardiogram revealed 
normal sinus rhythm with normal intraventricular 
conduction (fig. 2, 7:15 p.m.). At this time, 
plasma sodium was 136 mEq./L., potassium 6.5 
mEq./L., carbon dioxide combining power 4.0 
mM/L., the blood pH was 7.32. Urinary output 
was negligible. The patient did not improve and 
died 24 hours after dialysis. 

Case 3. P. V., an 89-year-old white woman, was 
admitted to the urologic service because of 2 weeks 
of dysuria. Two days prior to admission she de- 
veloped hematuria, suprapubie pain, and malaise. 
On admission, she appeared cachectic and dehy- 
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drated. Blood pressure was 170/60 and respira- 
tions were deep and regular at a rate of 24 per 
minute, 

Initially the patient was oliguric, with a urinary 
output of less than 10 ml. per hour, and urinalysis 
revealed a specific gravity of 1.020, 2 plus albumin, 
a trace of acetone, and many red blood cells. The 
hematoerit level was 27 per cent. The plasma 
electrolyte values were sodium 137 mEKq./L., potas- 
sium 8.3 mEq./L., chloride 112 mKq./L., and car- 
hon dioxide combining power 6.3 mM/L. The 
hlood urea nitrogen was 164 mg. per cent. 

Because of the dehydration and oliguria she was 
given 3,000 ml. of 5 per cent dextrose in water in 
the first 12 hours, during which time she remained 
oligurie. Her neck veins became distended and a 
venous pressure was 180 mm. of saline, at which 
time she was seen by a medical consultant. Plasma 
volume was expanded by approximately one liter 
over the mean predicted value. The red cell mass 
was decreased, and the hematocrit level was 15 
per cent. Electrocardiogram showed peaking of 
the T waves, prolongation of the QRS complex, 
and atrial arrest (fig. 3, 4:00 p.m.). The plasma 
electrolyte values were sodium 132 mEq./L., potas- 
sium 7.9 mEq./L., and carbon dioxide combining 
power 4.9 mM/L. At this time the blood pressure 
hecame unobtainable. ; 

In view of the abnormal electrocardiogram, the 

appearance of shock, and the persistent, severe, 
symptomatic acidosis, an intravenous infusion of 
) per cent sodium bicarbonate was begun. After 
wdministration of 180 mM (15 Gm.) of sodium 
bicarbonate in + hours followed by 1 unit of whole 
blood, the electrocardiogram revealed normal sinus 
rhythm, lowering of the T waves, and normal 
ntraventricular conduction (fig. 3, 8:00 p.m.). 
"he plasma electrolytes were sodium 134 mKq./L., 
potassium 4.9 mEq./L., chloride 111 mEq./L., and 
‘arbon dioxide combining power 4.0 mM/L. Dur- 
ng this interval, respirations became normal, the 
rm venous pressure fell to 110 mm. saline and the 
‘lood pressure rose to 110/70. Throughout the 
ucceeding 24 hours she received an additional 150 
iEq. (12.5 Gm.) of sodium bicarbonate and the 
lasma carbon dioxide combining power rose to 
’.8 mM/L. Oliguria persisted, and cystoscopy 
evealed severe, generalized, pseudomembranous 
ystitis obscuring both ureteral orifices. Culture 
f the urine showed Bacillus proteus, and the pa- 
ient was treated with tetracycline. During this 
eriod urinary volumes increased to 1,006 ml. daily. 
subsequently, the patient developed high, spiking 
ever and hypotension and died on the eighth hos- 
ital day. Postmortem examination revealed 
hronie pyelonephritis with contracted kidney, 
evere hemorrhagic cystitis, partial ureteral ob- 
truction bilaterally, and hydronephrosis. 


Case 4. G. C., a 19-year-old white girl with chronic 
elomerulénephritis, was admitted to the hospital 
because of oliguria. She was comatose and res- 
pirations were deep and labored. Electrocardio- 
gram revealed normal sinus rhythm and suggested 
peaking of the T waves (fig. 4, 4:00 p.m.). Plasma 
electrolyte values were sodium 134 mEKq./L., potas- 
sium 6.6 mEq./L., chloride 109 mEq./L., carbon 
dioxide combining power 7.3 mM/L.; the blood 
pH was 7.18. The blood urea nitrogen was 102 
mg. per cent. Plasma volume was normal. 

An intravenous infusion of 5 per cent sodium 
bicarbonate was begun. After 150 mM (12.5 Gm.) 
had been administered in 31% hours, the electrocar- 
diogram showed slight decrease in the height of 
the T waves (fig. 4, 7:30 p.m.). Plasma electrolyte 
values were sodium 143 mKq./L., potassium 4.3 
mEq./L., chloride 105 mEq./L., carbon dioxide 
combining power 7.7 mM/L., and blood pH 7.38. 
Respirations became normal but there was no other 
change in clinical status. The following day, after 
an additional 108 mM (9.0 Gm.) of sodium biecar- 
bonate intravenously, the plasma carbon dioxide 
combining power rose to 11.2 mM/L. Subsequently, 
urinary volumes increased to between 700 and 1,000 
ml. daily, and the patient improved markedly over 
a 2-week period. 

Discussion 

The serial electrocardiographic changes in 
potassium intoxication are well known.* The 
relatively poor correlation of these changes 
with the plasma level of potassium*® ® prob- 
ably reflects the role of ions other than potas- 
sium as well as the complex shifts in intra- 
cellular-extracellular ion concentrations that 
occur in the presence of altered states of 
hydration, acid-base balance, and cellular 
metabolism.‘ 

In uremia only a few of the factors con- 
tributing to potassium metabolism and cardiac 
toxicity can be defined. These include meta- 
bole acidosis, hyponatremia, hypocalcemia, 
dehydration, and increased catabolism. 

Animal experiments have shown an inverse 
relationship between blood pH and plasma 
potassium concentration. It has been dem- 
onstrated in dogs that perfusion with acidic 
solutions produces electrocardiographic 
changes analogous to those produced during 
infusion with potassium.®!! Rise in plasma 
potassium was demonstrated uniformly 
throughout the induction of acidosis, but ear- 
diac toxicity was manifest at lower levels of 
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hyperpotassemia. This potentiation of po- 
tassium toxicity by acidosis has also been 
suggested by studies in patients with diabetic 
acidosis. !* 

Hyponatremia may augment the changes 
produced by an increase in plasma _ potassi- 
um.!* Metabolic acidosis is often associated 
with increased renal sodium excretion. In 
addition, increased quantities of sodium may 
enter the cell to buffer the fall in intracellu- 
lar pH. Together, these may lead to a fall 
in plasma sodium concentration. Finally, 
studies on isolated cardiac muscle as well as 
in intact animals and human subjects have 
shown that hypocalcemia, also, potentiates the 
effect of hyperpotassemia.!*1® 

Dehydration, increased catabolism, and hy- 
potension, all of which may accompany uremia, 
cannot be so clearly related to cardiac tox- 
icity. With sustained increased catabolism, 
as in fever with infections, hyperpotassemia 
may occur. Hypotension frequently leads to 
myocardial ischemia; increased sensitivity to 
potassium has been demonstrated in hypoxic 
states.17 

Hyperpotassemia constitutes a serious med- 
ical emergency. Its management includes 
hemodialysis, cation exchange resins, intra- 
venous infusion of hypertonic glucose and 
insulin, hypertonic saline, calcium salts and, 
most recently, molar sodium lactate.'* 19 

These agents fall into 2 major groups. The 
first, which ineludes dialysis, resins, and glu- 
cose infusions, acts through the direct re- 
moval of potassium from the extracellular 
fluid. The second group, comprising hyper- 
tonic saline and calcium infusions, may also 
encourage intracellular transfer of potassium, 
but produces an additional effect through re- 
placement of ions, deficiency of which poten- 
tiates hyperpotassemia. 

Recent reports have appeared on the use of 
molar sodium lactate in the treatment of 


advanced cardiac toxicity due to hyperpotas- 
semia, with prompt reversal of electrocardio- 
graphic changes and rapid clinical improve- 


ment.!*: 1® The authors suggest the possibility 
of a specific action of lactate ion in addition 
to the effect of this therapy on acidosis, extra- 
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cellular fluid volume, and intracellular po- 
tassium shifts. 

Our observations indicate that correction 
of the bicarbonate deficit with sodium bicar- 
bonate lowers plasma potassium directly, 
apparently through intracellular transfer of 
potassium ions. We were led to employ 5 
per cent sodium bicarbonate because of the 
severe clinical acidosis that the 4 patients 
presented in addition to the electrocardio- 
graphic signs of hyperpotassemia. Treatment 
of acidosis in this manner reversed the elec- 
trocardiographiec signs. These effects were 
identical to those reported by Bellet!*: 1 with 
the use of sodium lactates 

In each instance, plasma potassium was 
lowered. Since urinary potassium excretion 
was negligible during the period of infusion, 
it may be assumed that this was accomplished 
in large measure through intracellular trans- 
fer, although expansion of normal extracellu- 
lar volume may have played a small role. In 
addition, blood pH rose in the 3 instances in 
which values were obtained. The plasma car. 
bon dioxide combining power changed only 
slightly immediately following the bicarbo- 
nate infusion. The administration of addi- 
tional sodium was probably not important, 
since initial plasma values were only slightly 
reduced. The results of treatment were simi- 
lar whether or not there was a significant al- 
teration in plasma sodium. The effect of 
bicarbonate infusion appears to be independ- 
ent of correction of dehydration, since the 
initial plasma volume was not reduced in 3 
of the 4 patients. 

The mechanism by which sodium bicarbo- 
nate acts in this instance seems to depend, 
therefore, upon its effectiveness in reducing 
the plasma concentration of potassium ions, 
and possibly hydrogen ions. The latter is 
accomplished directly by means of repletion 
of buffer alkali, and is best demonstrated by 
serial pH determinations. Moreover, correc- 
tion of extracellular alkali deficit is accom- 
panied by restoration of intracellular bicar. 
bonate as well. Since potassium is the major 
intracellular cation, correction of intracellu- 
lar acidosis is associated with a shift of po- 
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assium as well as bicarbonate into the cell, 
nd henee a reduction in plasma potassium 
oneentration. 


SUMMARY 

In 4 uremic patients with severe clinical 
cidosis associated with electrocardiographic 
vidence of hyperpotassemia, intravenous ad- 
ninistration of 5 per cent sodium bicarbonate 
‘esulted in correction of the acidosis, fall in 
lasma potassium, and reversal of electrocar- 
liographie signs. The effect of this treatment 
lid not depend on changes in plasma sodium, 
‘enal excretion of potassium, or on correction 
if dehydration. 

In the treatment of severe acidosis, rever- 
sal of electrocardiographic signs of hyper- 
potassemia parallels more closely the correec- 
tion of blood pH than it does alteration in 
plasma carbon dioxide combining power. The 
results suggest that the infusion of hypertonic 
sodium bicarbonate in patients with hyperpo- 
tassemia, acidosis, and electrocardiographic 
signs of cardiac toxicity has proved a safe 
and practical measure in the emergency man- 
agement of this common problem in the ure- 
ni¢ syndrome. 
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SUMMARIO IN INTERLINGUA 


In 4 patientes uremic con sever acidosis 
linie, associate con signos electrocardio- 
raphie de hyperkalemia, le administration 
itravenose de bicarbonato de natrium de 5 
ro cento resultava in le correction del acido- 
s, un reduction del kalium del plasma, e un 
‘version del signos electrocardiographic. Le 
‘feecto de iste tractamento non dependeva de 
lterationes in le natrium del plasma o in le 
xeretion renal o del correction del dishydra- 
ition. 

In le tractamento de sever acidosis, le re- 
ersion del signos electrocardiographie de 
yperkalemia es plus strictemente correlati- 
nate econ le correction del pH del sanguine 
ue con alterationes in le potentia del plas- 


ma de combinar dioxydo de carbon. Le 
resultatos suggere que le infusion de hyper- 
tonic bicarbonato de natrium in patientes con 
hyperkalemia, acidosis, e signos electrocardi- 
ographie de toxicitate cardiac es un practic 
e salve mesura de urgentia. 
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Acute peptie ulceration following cardiac surgery has been demonstrated in 4 pa- 
tients and clinically suspected in 3 others. This was a most serious complication, 4 
of the patients having died. Another survived only after emergency gastric resection. 
Prompt diagnosis is essential for a favorable outcome and may be attained only by a 
constant alertness to the possibility of an aeute uleer in any postoperative cardiac 
patient who is not doing well. Early surgery rather than a more conservative program 
of therapy may be lifesaving in these patients and should not be withheld merely 
because the patient has recently undergone cardiac surgery. The exact mechanism 
responsible for an acute ulceration of the gastrointestinal tract following surgery is not 
well understood but it is believed that it represents a response to the alarm reaction 
deseribed by Selye. Prolonged hypotension with resulting ischemia is an important 
factor in the pathogenesis and since many patients following cardiac surgery develop 
prolonged periods of hypotension, this particular complication is not altogether un- 
expected. It should be emphasized that this complication generally arises without any 
obvious background of peptic ulceration and without any prodromata. Melena, hema- 
temesis, shock, or evidence of perforation may be the initial findings. In a group of 


patients who died following cardiae surgery from various causes, necropsy findings 
revealed an incidence of acute ulcerative lesions of the gastrointestinal tract of greater 
than 15 per eent. 
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Congenital Aneurysms of the Coronary Arteries 
with Report of a Case 


By Ira Gore, M.D., JoHN SmitH, M.D., anp Robert Cuancy, M.D. 


A. ease is presented of congenital aneurysm of a coronary artery in a patient with angina 
pectoris and myocardial infarction. Etiologies other than coronary atherosclerosis should 
be considered in young patients with clinical coronary disease; they include syphilitic 
ostial stenosis, coronary embolization, pulmonary origin of a coronary artery, and necro- 
tizing arteritis in addition to aneurysm of a coronary artery. In this instance the 
aneurysm caused a shadow that was seen by x-ray but was not identified during life. 


SCHEMIC heart disease, currently one of 
I the leading causes of disability and death, 
is largely a manifestation or complication of 
‘oronary atherosclerosis.1 This is such a dom- 
inant relationship that other causes of coro- 
nary insufficiency are apt to be overlooked. 
Awareness of the clinical background, how- 
ever, allows the clinician to suspect less com- 
mon conditions such as syphilitic ostial steno- 
sis, coronary embolization, pulmonary origin 
of a coronary artery, and necrotizing arteri- 
tis. Aneurysm of one or more coronary ar- 
teries, an infrequent condition as yet unrec- 
ognized clinically, is also likely to result in 
ischemic myocardial damage.** Since tech- 
nical progress may yet permit surgical remedy 
f some of these conditions, physicians should 
be alert to the possibility of their occurrence. 

We wish to report the case of a young man 
vho died of ischemic heart disease secondary 
0 unrecognized aneurysms of the coronary 
irteries. 

Case REPoRT 

J.8., a 26-year-old, white, male college student, 
‘as admitted to the Veterans Administration Hos- 
ital, West Roxbury, on June 21, 1957. For the 
receding 10 days he had experienced increasing 
xertional dyspnea, orthopnea, and paroxysmal 
octurnal dyspnea. 

His difficulties began about 2 years earlier 
vhen, after running, he experienced a syncopal 
ttack. In the ensuing months there were 3 other 
onconvulsive syneopal episodes, each related to 
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exertion and some associated with oppressive sub- 
sternal pain that radiated to the inner aspect of 
the left arm. Exertional angina also occurred 
without syncope, and there was a progressive de- 
cline in exercise tolerance. In October 1956 he was 
hospitalized at the Memorial Hospital in Worces- 
ter following a synecopal episode. Electrocardiog- 
raphy showed evidence of a posterior myocardial 
infarct. Radiologie studies with a Potter-Bucky 
diaphragm demonstrated an irregular ovoid mass 
(3 by 1.5 em.), ealcified like an egg shell, adjacent 
to the left upper border of a normal-sized cardiac 
shadow (fig. 1). Fluoroscopic examination revealed 
that the mass pulsated synchronously with the 
heart. Though not typical, it was considered to be 
a pericardial calcification. Despite the relative 
youth® of the patient, the other diagnoses were 
arteriosclerotic heart disease with angina pectoris 
and myocardial infarction. 

At the age of 13 the patient had been hospital- 
ized with a severe throat infection that responded 
to penicillin and salicylates. Streptococcus viridans 
was cultured from the throat. By x-ray, the heart 
was globular and enlarged, especially in the region 
of the right ventricle. Recovery was complete, how- 
ever, and he was able to serve in the U. S. Navy 
from 1951 to 1955 without illness. 

Physical examination upon admission demon- 
strated enlargement of the heart to the left, a pro- 
todiastolie gallop rhythm, and oceasional extrasys- 
toles. The blood pressure was 100/75 mm. Hg and 
the pulse rate was 88 per minute. Laboratory find- 
ings on blood, urine, and spinal fluid were unre- 
markable. The serologic test for syphilis (VDRL) 
was negative; serum cholesterol measured 153 mg. 
per cent of which 104 mg. per cent were esters; 
phospholipids were 192 mg. per cent. Serial elec- 
trocardiograms demonstrated a stable anteroapical 
myocardial infaret. Radiologie studies substan- 
tiated the impression of left ventricular enlarge- 
ment and demonstrated pulmonary congestion 
initially, but not subsequently. Treatment con- 
sisted of digitalization, restriction of salt and 
fluids, and the administration of mercurial diuret- 
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Fic. 1. Lateral x-ray (Potter-Bucky) of the chest. Note the shell-like opacity delineating a 
circular structure at the base of the heart in the angle between the anterior cardiac border 
and the conus. The detail of this area, slightly magnified, is shown in the insert. This struc- 
ture corresponds with an aneurysm of the 
depicted in figures 2 and 3. 


ics. On the assumption that the basic pathologic 
lesion was coronary atherosclerosis, despite the 
normal serum cholesterol values, he was placed 
upon a diet rich in unsaturated fatty acids. None- 
theless there was progressive deterioration, anginal 
attacks became more frequent, congestive failure 
reappeared and became increasingly difficult to con- 
trol, and in November 1957, following a 4-day 
period of severe chest pain, he died. 


circumflex branch of the left coronary artery 


At autopsy there was moderate left ventricula: 
dilatation and myocardial hypertrophy, the heart 
weighed 490 Gm. A transmural sear (4 by 3.5 by 
0.4 em.) replaced a portion of the posterior left 
ventricular wall. The remainder of the posterior 
wall presented foci of muscle loss and subendo- 
cardial fibrosis which were pale gray at the base 
and red-gray and vascular toward the apex. The 
interventricular septum was thinned where its an- 
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Fig. 2. Top. Dissected coronary arterial tree and aortie root viewed from above, showing 
diffuse aneurysmal dilatation of the right coronary and of the 2 branches of the left coronary 
artery. Bottom. Serial transections of the coronary arterial tree. The lowermost vessel is 
the right coronary artery; above it lie respectively the anterior descending and circumflex 
rami of the left coronary artery. The aneurysms are filled with thrombi of varied age and 
organization. 


‘rior two thirds was largely replaced by vaseu- diameter. Its wall contained egg-shell-like deposits 
‘rized sear tissue. Except for diffuse endocardial of ecaleium. Serial transection after decalcifica- 
lickening the anterior wall of the left ventricle tion revealed a large lumen, 1.3 em. across, com- 
as unremarkable. The valves were competent with pletely filled with concentrically laminated, mottled 
trueturally intact, undeformed, pliable leafiets. gray-white and dark red, friable thrombus. Dis- 
There were large fusiform aneurysms of the 3 tally the aneurysm tapered gently into an 0.4-em. 
iajor coronary rami (figs. 2 and 3). The cireum- artery with thin pliable walls devoid of intimal 
ex and the anterior descending arteries arose from disease. The aneurysm of the circumflex artery 
iormal-sized adjoining ostia in the left aortie measured 4 by 1.2 em.; there was a small eccentric 
inus and expanded immediately. The aneurysm residual lumen, but in all other respects it was 
f the anterior descending branch extended distally identical with the anterior descending ramus. The 
or 3.2 em. and measured 1.5 em. in its greatest right coronary artery arose from a normal-sized 





Fic. 3. Low-power photomicrograph of the left cir- 
cumflex coronary aneurysm in situ in the left-atrio- 
ventricular sulcus. A transection of the mitral valve 
at the left distinguishes the endocardial aspect. Ex- 
cept for a relatively small lumen containing fragments 
of fresh thrombus, the aneurysm is filled with degen- 
erating blood clot. The space at the upper left of 
the aneurysm is an artefact. At the lower right, 
partially encircling the persistent channel, the throm- 
bus is organized. 


aortic ostium. There was a small accessory right 
coronary ostium which fed a short vessel to the 
right ventricle. After a course of 0.8 em. the main 
ramus expanded into a fusiform aneurysm 5.1 em. 
long and 1.2 em. in greatest diameter. Distally it 
tapered into a channel 0.4 em. wide which exhib- 
ited foeal thickening by firm gray-white tissue and 
severe luminal narrowing 3.2 em. beyond the aneu- 
rysm. This aneurysm, like that of the descending 
ramus of the left coronary artery, was totally oc- 
cluded by concentrically laminated, gray-tan to red 
thrombus. 

The aorta was smooth with only a moderate 
quantity of linear flat yellow intimal deposits in 
its abdominal portion. 

The lungs and viscera were moderately con- 
gested. 

Microscopically, the left ventricular myoear- 
dium presented extensive areas of subendocardial 
and transmural scarring; additionally, there were 
small foci of recent ischemic necrosis involving 
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the right ventricular myocardium. The walls of 
the coronary aneurysms were essentially fibrous 
with focal calcific deposits and only tiny vestiges 
of elastica or medial musculature. Except for a 
small lumen in the left cireumflex the 3 aneurysms 
were completely filled with thrombus of varying 
age and organization. Related to the organization 
of the thrombi were small accumulations of lymph- 
oid cells about thin-walled vaseular channels in 
the aneurysmal wall. Uninvolved segments of the 
coronary arterial tree presented small focal gaps 
and defects in the medial musculature without 
associated inflammation. 


Discussion 

In the present case the structure of the 
aneurysms and the absen¢e of septicemia or of 
endocarditis clearly rule out bacterial infee- 
tion as an etiologic factor. Similarly, the 
clinical history and course as well as the ana- 
tomic findings negate the possibility of syphi- 
lis, rheumatic fever, or necrotizing arteritis. 
The distinction, accordingly, lies between con- 
genital and arteriosclerotic aneurysm. In this 
instance, with organizing thrombi filling the 
dilated channels, this differential cannot be 
made on structure alone. The secondary in- 
timal changes, which result from the organi- 
zation of mural thrombi, duplicate the usual 
features of atherosclerosis: The replacement 
of specific vascular structure by fibrous tis- 
sue with calcific deposits too has no differen- 
tial diagnostic value. Atherosclerosis, how- 
ever, is a generalized pathologic process 
though its clinical manifestations may be lo- 
cal, and it is extremely unlikely that it may 
be so advanced that it causes aneurysms in 


the coronary arteries while there is only in- 


significant or early disease in the aorta and 
elsewhere. Indeed it has been demonstrated 
that atherosclerosis is generally more severe 
and advanced in the aorta than in other 
areas.‘ Accordingly, we think that the an- 
eurysms were congenital rather than arterio- 
sclerotic. Obviously, this distinction could not 
have been made clinically, but an awareness of 
coronary aneurysm as an entity might have 
allowed us to interpret the radiologic findings 
differently and to place more significance upon 
the normal serum cholesterol values. There 
are undoubtedly many exceptions to the gen- 
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ralization that there is a positive correlation 
tween elevated serum cholesterol levels and 
oronary atherosclerosis.* In the younger age 

‘rroups, however, exceptions of this nature are 
ewer® and one must urge that other possibili- 
ies be considered before concluding that a 
riven case is such an instance. 

The basis for the formation of any aneu- 
‘ysm is a structural weakening of the vessel 
vall; the actual causative mechanism, of 
‘ourse, is variable. Only too often, as in this 
‘ase, the aneurysmal wall is essentially scar 
‘issue, and except for lesions associated with 
violent or even necrotizing inflammation, lit- 
tle or no evidence remains to indicate the na- 
ture of the original lesion. Clues are some- 
times to be found in relatively uninvolved 
segments of the diseased vessels. We consider 
that the small focal medial defects of ‘‘unin- 
volved’? segments are representative of the 
lesions which, in greatly augmented form, 
weakened the affected portions of the coronary 
arteries sufficiently to lead to aneurysmal di- 
latation. It will be recalled that .Forbus!” 
demonstrated somewhat similar lesions as the 
hasis for congenital berry aneurysms at the 
bifureations of cerebral arteries. 

The designation of an aneurysm as congeni- 
tal implies only that the basic cause is devel- 
opmental. The actual exploitation of the 
structural weakness by aneurysmal dilatation 
may oecur during the neonatal period? but 
imay not appear for decades. Dilatation of the 
iffected channel creates an additional burden 
hat contributes to further growth of the an- 
urysm, since, hydrodynamically, the tension 
0 which the wall of a channel is subject in- 
reases with its diameter.1! In the process 
here is progressive attenuation and atrophy 
f residual elements of the vessel wall. Fibrous 
epair and reinforcement tend to limit expan- 
ion, but usually without success. Even the 
ceurrence of calcification within the wall of 
he aneurysmal sae, since it is patchy, does 
lot prevent further growth. Thrombosis, a 
omplication to which aneurysms are vulner- 
ible because of slowing and turbulence of the 
ood stream, may through organization con- 
ribute to fibrous reinforcement of the sae 


TABLE 1. 


Aneurysms of Coronary Arteries (69 Cases) 


Specified location 66 
Left coronary artery 
Right coronary artery 
Left and right coronary artery 
Multiple aneurysms 10 
56 


wall. In the case of an aneurysm of the coro- 
nary artery, however, this sequence may be 
lethal, as in our case. Even nonocclusive 
mural thrombosis within a coronary aneurysm 
is not without hazard. First, the propensity 
of a clot to propagate may lead to complete 
occlusion. This situation is exemplified again 
by our ease, in which the occluded aneurysms 
showed evidence of episodic clotting with re- 
cent thrombi superimposed upon older orga- 
nized and organizing thrombi. Second, dis- 
lodgment of a mural thrombus, favored by 
the expansile pulsation of the aneurysmal sac, 
may lead to distal embolization. One won- 
ders if this could not have been true in some 
of the cases reported with thrombosis distal 
to a coronary arterial aneurysm.* 

According to Packard and Wecehsler,* the 
first report of an aneurysm of the coronary 
artery was made by Bougon'™ in 1812. By 
1929, 2 probable cases of periarteritis nodosa 
being excluded, 28 cases had been described ; 
by 1948? the number had risen to 45, and by 
1957? there were 68. Etiologically, as shown 
in the accompanying table, more than half 
the reported cases are of congenital or arteri- 
osclerotie origin. Current experience, more- 
over, suggests an even greater predominance, 
since the septic states that cause mycotic- 
embolic aneurysms are now much more read- 
ily managed and there is a reduced incidence 
of syphilis and rheumatic fever. Similarly, 
other differences between older and more re- 
cent experience may be related to the dimin- 
ished frequency of infectious forms of aneu- 
rysm. Scott? had noted that coronary occlusion 
predominated as a cause of death, whereas an- 
eurysmal rupture was more frequent in the 
earlier series of Packard and Wechsler.* As 
is evident in table 1, the left coronary artery 
has been involved much more frequently than 
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TABLE 2.—Etiologic Classification and Age and Sex Distribution of Aneurysms of the 
Coronary Arteries 


Decade 
Congenital 


17M «—4F 


Arteriosclerotie 
14M 3F 
Mycotie 


7M SOF 


Syphilitic 
2M 1F 


Rheumatie 


1M 


Unclassified ice OM 
4M oF iF 1F 


6 
2M 3] Rupture 


Thrombosis or 
infarction 


Rupture 


Thrombosis 
infarction 


Rupture 


Thrombosis 
infaretion 


Rupture 


Thrombosis 
infaretion 


Thrombosis 
infarction 





Rupture 


Thrombosis 
infarction 





Total (All types) 45M 15F (9 other cases had insufficient information to be tabulated.) 
*One case considered arteriosclerotic as well as congenital. 


the right, but Crocker et al.* did not find this 
to be true in the most recent series of 20 eases. 

There were aneurysms of both coronary 
arteries in 11 cases; in 6 of that group the 
lesions were congenital. As shown in table 2, 
aneurysms of the coronary arteries are several 
times more frequent among males than fe- 
males. The sex disparity is even greater if 
consideration is limited to the most frequent 
forms, congenital and arteriosclerotic. Age- 
wise, arteriosclerotic aneurysms are essentially 
lesions of the older age groups, whereas those 
of congenital origin occur at any age. One of 
the lesions tabulated herein as congenital was 
considered by the author'® to be arterioscle- 
rotic as well. For those congenital lesions 
that do not appear until late in life at least, 
it seems reasonable to suspect that factors as- 
sociated with aging are an important comple- 
ment to the basic developmental lesion. 

SUMMARY 

We have reported a case, the sixty-ninth of 
coronary artery aneurysm, the twenty-first of 
congenital aneurysm of the coronary artery, 


the sixth in which both coronary arteries were 
involved, and the first in which a coronary 
aneurysm was visualized, though not recog 
nized, during life. 

The patient had symptoms of myocardial 
anoxia for 2 years prior to his death from 
myocardial infarction. One year before his 
demise an x-ray film of the chest, taken with 
a Potter-Bucky diaphragm, had demonstrated 
a calcified ovoid mass, which subsequent au- 
topsy proved to be an aneurysm involving 
the circumflex branch of the left coronary 
artery. 

We have discussed the differential patho 
logic features of congenital and arteriosclerot 
ic aneurysms and have tabulated some of the 
statistical information of the reported cases 
including for completeness, other etiologic 
causes of the lesion. 


SuMMARIO IN INTERLINGUA 
Le caso que nos reporta es le sexanta-non¢ 
de aneurysma de arteria coronari, le vinti- 
prime de aneurysma congenite de arteria co- 
ronari, le sexte in que ambe arterias coronari 
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‘s afficite, e le prime in que un aneurysma 
oronari esseva visualisate—ben que non re- 
ognoscite—durante le vita del patiente. 

Le patiente habeva symptomas de anoxia 
nyocardial durante 2 annos ante su morte ab 
nfareimento myocardial. Un anno ante su 
norte, un roentgenogramma thoracic, obtenite 
‘on un diaphragma Potter-Bucky, demonstra- 
‘a un ealcificate massa ovoide. Le necropsia 
‘evelava subsequentemente que ille ‘‘massa”’ 
‘sseva un aneurysma que afficeva le branca 
‘ireumflexe del arteria sinistro-coronari. 

Nos ha diseutite le aspectos pathologie de 
nteresse pro le differentiation de aneurysmas 
‘ongenite ab aneurysmas arteriosclerotice e ha 
summarisate in forma tabular le informationes 
statistic del casos reportate in le litteratura. 
Pro render le presentation complete, altere 
‘ausas etiologic del lesion es ineludite. 
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SPECIAL ARTICLE 


Biochemical Alterations in Blood 
in Obliterative Atherosclerosis 


By Korneu Gipinski, M.D. 


Biochemical alterations in blood due to pathologie changes in the legs are difficult to 
detect when the blood samples are taken from the cubital vein. In the reported investiga- 
tions biochemical properties of this blood are compared with those of the venous blood 
flowing out from a leg affected by obliterative atherosclerosis. 


THEROMATOUS processes developing 

in the walls of the arteries as well as any 
consequent tissue ischemia necessarily pro- 
duce biochemical alterations in the blood. The 
changes in the venous blood draining from the 
area affected by such atherosclerotic lesions 
become more difficult to detect, as this blood 
mixes with that from regions without vascu- 
lar changes. Therefore venous blood from the 
leg affected by obliterative atherosclerosis was 
compared with venous blood of the upper ex- 
tremity vascular 
changes. Oxygen saturation (Van Slyke 
method), serum protein level (refractometer ) 


showing no. detectable 


and its electrophoretic spectrum (paper elec- 
trophoresis), lipoproteins, serum cholesterol 
(Zlatkis), and total lipids (Swahn), serum 
glutamic-oxalacetic and  glutamic-pyruvic 
transaminases activity (Reitman and Frenk- 
el), serum aldolase activity (Lehninger, 
3runs), proteolytic activity of plasma and 
total blood (Balachowski and Balachowski), 
and amino acid levels (Folin) and composition 
in the blood serum (paper circular chroma- 
tography) were examined. 


From the Third Clinie of Internal Diseases, Silesian 
School of Medicine, Bytom, Poland. 

This paper was presented at the Fifth Congress of 
the International Society of Internal Medicine in 
Philadelphia, Pennsylvania, U.S.A., April 23 to 26, 
1958. Its substance was presented at the Nineteenth 
Congress of the Polish Society of Internal Medicine 
in Poznan, Poland, September 26 to 28, 1957. 


RESULTS 

No significant differences were found in 
these components of the blood taken from up- 
per and lower extremities of healthy control 
subjects. In 25 patients suffering from ob- 
literative atherosclerosis of lower extremities, 
the total protein level showed no changes, but 
hypoalbuminemia and hyperglobulinemia (es- 
pecially gamma) were commonly found. Only 
the alpha; globulin level was constant, and 
always within normal ranges (table 1). The 
lipoprotein index was found to be increased 
in one quarter of the cases and was high more 
often in patients with generalized atheroscle- 
rosis. It should be noted that, on the con- 
trary, in Buerger’s disease the lipoprotein 
index is always normal. No differences were 
obtained between the protein and lipoprotein 
patterns in the blood samples taken from the 
leg and the arm. 

We did not observe any characteristic al 
terations in the cholesterol level. The total 
lipid level was increased in one third of the 
eases. This finding was, however, independent 
of the degree of morbid change and of the 
vein from which the blood was taken. An in 
crease in the plasma transaminase activity 
was found in these cases. This was more 
marked and more constant in the venous blood 
of the affected leg than of the healthy arm, 
which suggests that a necrotic area was a 
source of the increased transaminase (fig. 1). 
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TABLE 1.—Blood Plasma Protein and Its Electrophoretic Spectrum 


7 i Lipoprotein 
Total Albumin a Globulin 


- index 
Patient protein (%) 2 Arm Leg Local changes 





PF. 8.17 45.4 9. : ‘i Very serious 
R.F. 7.89 46.3 
M.H. ‘ 7.6 58.0 
JJ. 8.17 52.3 
P.O. é 7.6 

E.P. 5 8.17 

S.K. 

W.O. 

P.G. 

W.Z. 

H.W. 

S.S. 

A.L. 

P.H. 

K.B. 

TK. 

Ma. 

W.G. 

J.Sz. 


Average 


Very serious 
Serious 
Serious 
Serious 
Serious 
Serious 
Serious 
Serious 
Serious 
Serious 
Serious 

Mild 
Mild 
Mild 
Mild 
Mild 
Mild 
Mild 





glutamic 
acid 
PM m/h 


atherosclerotic 
subjects | patients 


$ 


$ 27 


WL 


Fig. 1 Left. Serum glutamic pyruvic transaminase activity in the blood plasma of the ailing 
lower extremity (closed circle) and in the plasma of the healthy upper extremity (triangle). 
Nearly all values exceed normal, those referring to the legs being higher. 


Fig. 2 Right. Serum aldolase activity in healthy subjeets was similar to that in athero- 
sclerotic patients, except 1 case. 
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Fig. 3 Left. Proteolytic activity of the whole blood of the lower ailing extremity as compared 


with that of the upper healthy extremity. 


Fic. 4 Right. Oxygen saturation of the venous blood from the lower ailing extremity as 
compared with that of the upper healthy extremity. 


It affected the serum glutamic pyruvie transa- 
minase activity more than it did the serum 
elutamie oxalacetic transaminase. 

The presence of sizable necrotic lesions in 
the foot was not essential in producing these 
changes; these lesions may be quite insignifi- 
cant in size or not visible at all. There exists 
no close relation between transaminase levels 
and the symptoms of intermittent claudica- 
tion. The latter is not dependent on actual 
necrosis but reflects ischemia which does not 
necessarily provoke release of transaminase 
into the blood stream. A fall in plasma tran- 
saminase activity toward normal during sue- 
cessful treatment was often seen. 

In the same conditions no marked rise of 
serum aldolase was observed (fig. 2). The 
most impressive alteration was the decrease of 
proteolytic activity of the blood from the dam- 
aged lower extremity as compared with that 
of the upper extremity. No close relation 
was evident between the intensity of lesions 
and symptoms and the decreased proteolytic 
activity of the blood. In general, however, 
the decrease was not so marked in the group 
with more severe lesions as among the patients 
with slight local changes. It occurred in all 


cases and tended to return to normal with im- 
provement of the clinical state (fig. 3). This 
proteolytic activity is bound with the cellular 
components of the blood and seems to be iden 
tical with coagulolysis. 

The determination of total serum amino 
acid levels and their composition did not show 
any significant changes. 

The impaired utilization of oxygen is de- 
tectable in the area affected by obliterative 
atherosclerosis (fig. 4). No relationship was 
found between the quoted biochemical findings 
and the oxygen utilization. 

In the evaluation of the clinical state not 
only the vascularization of the extremity and 
possible oxygen supply to the tissues, but also 
the oxygen demand and metabolism of the 
tissues should be taken into account. 


SUMMARY 


Twenty-five patients with peripheral oblit- 
erated atherosclerosis were examined. The 
typical plasma protein changes, serum cho- 
lesterol, and total lipid levels were independ- 
ent of the vein from which the blood samples 
were taken. Serum glutamic-pyruvic transa- 
minase activity was higher in the blood taken 
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the control 

Serum al- 
dolase activity did not show any characteris- 
tie alterations. The blood from the affected 
leg showed decreased proteolytic activity, es- 
pecially in the severer cases. It is related to 
The 
xygen utilization by the tissues was decreased 
in the area normally supplied by the dam- 
iged_ vessels. 


from the affected area than in 


blood from the antecubital vein. 


the cellular components of the blood. 


SUMMARIO IN INTERLINGUA 
Vinti-cinque patientes con peripheric athe- 
rosclerosis oblitterative esseva examinate. Le 
tvpie alterationes del proteina in le plasma, 
le cholesterol del sero, e le nivellos total de 


Y 
| 
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lipido non variava con le venas ab le quales 
Le 
activitate de transaminase glutamic-pyruvic 


le specimens de sanguine esseva prendite. 


esseva plus intense in le sanguine prendite ab 
le area afflcite que in le sanguine de controlo 
ab le vena antecubital. Le activitate de aldo- 
lase in le sero monstrava nulle alterationes 
characteristic. Le sanguine ab le gamba affi- 
cite monstrava un reducite activitate prote- 
olytic, specialmente in le casos plus sever. 
Iste phenomeno es relationate con le compo- 
nentes cellular del sanguine. Le utilisation 
de oxygeno per le histos esseva reducite in le 
normalmente alimentate 


area que es per le 


vasos damnificate. 


Bulle, P. H.: Chlorpromazine and Reserpine Prevention of Myocardial Damage by 


Histamine and Serotonin. 


Seience 126: 24 (July 5), 1957. 


Destruction of blood cells during clotting, such as in myocardial infarction, may 


release serotonin and histamine within the cardiac muscle. 


in the isolated perfused rabbit heart. 


This problem was studied 


Reserpine and chlorpromazine were tested with 


respect to their effectiveness in altering the action of serum, histamine, and serotonin on 


the functioning of the heart and coronary flow. 
minute amounts rapidly induced an “infaret,’”’ as determined by dye visualization. 
mine also produced infarction but more slowly. 
formation induced by serum, serotonin, or histamine. 


low dosage used did prevent these “infarcts.” 
that chlorpromazine could be used “as an adjuvant in prophylactic treatment of myo- 
cardial infarction,” the author himself points out that there is a question whether this 


study exactly parallels the conditions in clinical infarction. 


Serotonin injection into the wall in 
Hista- 
Reserpine had no effect on infaret 
Chlorpromazine, however, in the 
Although these experiments may suggest 


Quantitative determinations 


of histamine and serotonin in infarcted areas of the human heart would need to be made. 


Further work is clearly indicated. 
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The Pulmonary Diffusing Capacity in Congenital 
and Rheumatic Heart Disease 


By J. HowLanp AUCHINCLOss, JR., M.D., RoBerT GILBERT, M.D., AND 
Rosert H. Eicu, M.D. 


The pulmonary diffusing capacity was determined both in patients with intracardiac 
septal defects and in patients with valvular heart disease in an effort to find out whether 
pulmonary congestion and hyperemia as they occur in eardiae disease have different 
effects on the process of gas diffusion and whether these effects vary at different stages 


of the disease process. 


HE pulmonary diffusing capacity (DL) 
is a measurement relating the flow rate 
of gas across the alveolo-capillary membrane 
to the pressure gradient. Estimation of DL 
is possible by a variety of technics,’ and in 
recent years it has resulted in a materially 
improved understanding of diffuse pulmonary 
parenchymal disease? and of the effect of 
chronic airway obstruction on the pulmonary 
parenchyma.*;*+ The effect of heart disease 
on DL has not received comparable attention ; 
however, Carroll, Cohn, and Riley® have dem- 
onstrated that DL at rest may or may not be 
reduced in disease of the mitral valve. 
Classically, the magnitude of DL has been 
considered to depend upon the permeability 
of the diffusing surface and the amount of 
area available for diffusion. In addition, 
Roughton and Forster® have recently shown 
that DL.is also affected by the volume of blood 
in ventilated pulmonary capillaries. It would 
seem reasonable that both the surface area 
and capillary blood volume might be increased 
under conditions of passive congestion, as in 
mitral valve disease, and under conditions of 
increased pulmonary blood fiow (pulmonary 
hyperemia) such as oceurs in septal defects 
with left-to-right shunts. Also, it might be 
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expected that either of these conditions could 
eventually affect the permeability of the mem- 
brane. Thus, alterations of the diffusing ca- 
pacity in cardiae disease could be a result of 
the effects of the disease on any or all of the 
determinants of diffusing capacity and might 
give valuable information concerning both the 
circulatory and parenchymal state of the 
lungs. 
MATERIALS AND METHODS 


The clinical and hemodynamic data for the 29 
patients included in the study are summarized in 
table 1. In 16 of these patients the diagnosis of 
interatrial or interventricular septal defect had 
been established by right heart catheterization. 
Atrial defects (IASD) with or without anomalous 
pulmonary veins existed in 13 patients; in 7 of 
these the mean resting pulmonary artery pressure 
was 22 mm. Hg or less. The remaining 6 patients 
with IASD exhibited evidence of pulmonary hyper- 
tension; in 4 cases this was established by direct 
measurement (mean pulmonary artery pressure 
33 to 72 mm. Hg), but in 2 patients (nos. 15 
and 16) the catheter failed to enter the pulmonary 
artery. Pulmonary hypertension was considered 
likely in 1 of these 2 patients (no. 15) because 
she had undergone multiple episodes of severe 
right heart failure. Pulmonary hypertension was 
considered to be present in patient no. 16 because 
the catheter entered the right ventricle, where a 
systolic pressure of 84 mm. Hg was recorded. In 
the absence of clinical evidence of pulmonic steno- 
sis, this figure undoubtedly is close to the pulmo- 
nary artery systolic pressure, and therefore per- 
mits an estimation of pulmonary artery mean 
pressure (50 mm. Hg) for correlative purposes. 

Three patients had interventricular septal defects 
(IVSD). Pulmonary artery pressure was normal 
in 1 and elevated in 2. 

In the entire group (IASD and IVSD) shunt 
reversal at rest was clinically manifest in only 1 
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ease (no. 11, IVSD), in whom arterial oxygen sat- 
uration was 79 per cent. However, values less than 
93 per cent (the lower limit of normal in this lab- 
oratory) were found in 4 additional patients. In 
patient no. 16 arterial oxygen saturation fell from 
a resting value of 91 to 69 per cent following the 
standard exercise test, suggesting that reversal of 
shunt with exercise had occurred. 

The 13 patients with rheumatic heart disease 
have been grouped in tables 1 and 2 according to 
the manometric or clinical estimation of pulmonary 
artery pressures. Five of these patients were con- 
sidered by clinical examination to have normal 
pulmonary artery pressures; in the 2 instances in 
which doubt existed (nos. 18 and 20) catheter 
measurements were obtained. The remaining 8 
cases were, with 1 exception, in an advanced or 
unquestionably progressive stage of the disease; 
case no. 24 presented very mild symptoms but defi- 
nite resting pulmonary hypertension. 

A eontrol series of 19 normal subjects was se- 
lected on the basis of good general health and 
absence of known cardiac or pulmonary disease. 
Four of the group were hospitalized patients and 
15 were doctors, technicians, or hospital personnel. 

The standard technics used in physiologic diag- 
nosis and evaluation of the cardiac patients have 
been described in a previous report from this lab- 
oratory.’ In the present study oxygen saturation 
determinations in some instances were made with 
a Wood-type oximeter as an adjunctive device at 
cardiac catheterization. Shunt localization in ease 
no. 10 was accomplished by injection of radioactive 
iodinated serum albumin through the catheter at 
different sites in the right heart. Cardiae output 
in some of the subjects with rheumatic heart dis- 
ease was determined by the dye-dilution technie, 
which in this laboratory correlated satisfactorily 
with the Fick method. 

The resting diffusing capacity for carbon monox- 
de (DLicgo) by the single-breath technic was car- 
‘ied out as described by Ogilvie et al.* Subjects 
ind patients came to the laboratory in the post- 
‘randial state. Estimation of the total lung c¢a- 
vacity and its subdivisions was performed by 
pirometry and the nitrogen washout technic’ with 
he subject seated. The disappearance rate of car- 
on monoxide from the alveolar air was then meas- 
‘red during a breath-holding period of 10 to 13 
econds. The subject performed as complete an 
xpiration as possible and then was switched into 
n atmospheric cireuit previously washed out with 
he test gas. Inhalation was as rapid as possible 
nd as complete as could be achieved without a 
naximum effort. The command for a complete 
*xpiration was given 10 seconds after inspiration 
vas completed, but the duration of breath holding 
vas timed by the graphie tracing from the begin- 
iing of inspiration to the collection of the alveolar 


TABLE 1.—Clinical and Hemodynamic Data 


min./M.*) 
min./M.?) 


) 


Assoc. functional 
o 


capacity 
pressure (mean) 
Hg) 


Diagnosis 

Am. Heart 
Pulmon. artery 
(mm. 

Pulmon. blood 
flow index 

(L. 

Systemic blood 
flow index 


(9 


| Arterial Oz 
| saturation 


6 
Zz 


| (L. 


Congenital Heart Disease 


Pulmonary hypertension absent or mild 
1 IVSD I 14 7.4 
2 Anomalous I 22 

pulmonary 

venous drain- 

age? IASD 

TASD 

IASD 6.0 
TASD 2 19.0 
IASD 9.2 
ITASD 27.0 
IASD i 14.0 


Pulmonary hypertension moderate or severe 
9 IVSD I 46 14.0 5.0 
10 IASD, right- II 72 2.7 3.2 
to-left shunt 
IVSD, right- II 96 1.3 2.5 
to-left shunt 
LASD, ost. 34.4 67 39 
prim. and 
secund. 
TASD, ost. 
prim. and 
secund. 
14 IASD, tricus- II 
pid insuffi- 
ciency 
15 IASD Ill ; 
16 IASD, ost. Ill (50 
prin. 


Rheumatie Heart Disease 


Normal pulmonary artery pressure at rest, or 
symptoms 
MS 7 
MS 14 2.5 2.5 
MS 
MS 16 4.0 4.0 91 
MS 


Pulmonary arterial or left atrial hypertension at 
rest, or moderate to severe symptoms 
MS, MI III 38 90 
MS, AI ITI 18+ = 2.8 2.3 95 
MS II 24 3.0 3.0 95 
MI Ill —- - ~ 
MS, AS III 23 - “i 93 
MS, progres- III - — - 
sive dyspnea, 
hemoptysis 
MS 25 3.0 3.0 93 
264 «1.9 1.9 91 


*Pulmonary artery mean pressure estimated from 
right ventricular systolic pressure. 

+Left atrial pressure. 

IVSD, interventricular septal defect; IASD, inter- 
atrial septal defect; MS, mitral stenosis; MI, mitral 
insufficiency; AI, aortic insufficiency; AS, aortic 
stenosis. 





Case No 


Congenital 


Age 


Heart 


Disease 


TABLE 2. 


Vital capacity 


obs. 


Pulmonary hypertension, absent or mild 


] 


» 


19 


1) 


M 
M 
M 
M 
M 
M 


171 


173 


1.84 
1.71 
167 1.64 
184 Se 
176 3 
17: 1.91 
16: 1.58 


162 


> 
> 
> 
> 


8 


4800 
4820 
3250 
4120 
3390 
$180 
2830 
2690 


Pulmonary hypertension, moderate or severe 


9 
10 
1] 
12 
13 
14 
15 
16 


Average 


Range 


Rheumatie 


Normal pulmonary artery pressure at r 


17 
18 
19 
20 


25 


Pulmonary ar 


29 


47 


16-49 


Heart 


Average 


Range 


9° 


> 
dre 


Disease 


1.90 
1.83 


155 1.58 
162 1.49 
155 1.52 
163 


155 


1.63 
1.48 


tery or left atrial hyperte 


174 3 
183 1.87 
182 1.96 
161 1.76 
162 1.59 
159 1.47 

1.58 

1.61 


1.64 


1.47- 


1.96 


4830 
4730 
4400 
3650 
1350 
2210 
1930 
2060 
345: 


483( 


3 
1350- 
) 


© pred. 


99 
77 


oO 


fc 
81 


‘a 
101 
85 
84 


96 
90 
90 
83 
49 
64 


81 


Residual 

volume 
total 
lung 

capacity 
(%) 


49- 


101 


est or mild symptoms 


3710 
3420 
5260 
3290 


3410 


88 
105 
111 
104 


122 


snsion at rest or! 


3510 
3980 
5560 
3970 
1730 
2690 
2460 
1920 


3301 


730- 


5560 


noderate o 


20 
Ow 


30 
26 
29 
40 
41 
41 
41 


r 
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Mixing 
index 
(% Nez) 


0.67 
0.95 
0.94 
0.70 
0.90 
0.97 
1.23 


1.03 


0.54 
0.46 
0.44 
0.67 
1.03 
0.73 
0.90 
2.16 
0.90 
0.44 
2.16 


0.69 
0.64 
1.47 
1.24 


0.57 


severe sy 


0.83 
1.59 
2.28 
1.10 
0.54 
0.86 
1.08 


0.97 


1.07 
0.54- 


Lung Volumes and Diffusing Capacity 


Max. 
breathing 
capacity 
(L./min.) 


obs. % pred. 


199 
193 
161 
138 

41 


= 


io 


41 
o4 


“120 


41- 
199 


D4 
82 
117 
106 
90 


mptoms 


130 107 
221 170 
154 12 
149 13 
74 7 
87 
106 


a9 


104 
126 
78 


110 
54- 


110 
46- 
170 


obs. 
(ml. 
min. 

mm. 


Hg) 


DLco 
pred. 
(ml. 
min. 

mm. 


Hg) % pred, 
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sample and was therefore always in excess of 10 
seconds. The valve that switched the patient into 
the cireuit- for collection of the alveolar sample 
was turned when the operator sensed that expira- 
tion had begun, and the short time delay necessary 
for turning the valve allowed about 700 to 2,000 
inl. of dead space and alveolar air to escape. The 
alveolar sample, collected in a 6 liter anesthesia 
bag, was transferred to the gas analyzers under 
positive pressure. Thermal conductivity (helium) 
and infra-red (carbon monoxide) meters were 
connected in series, and all analyses were per- 
formed after the removal of water vapor. The 
helium analyses were performed both before and 
after the removal of carbon dioxide by absorption, 
and thus the percentage of carbon dioxide could 
be estimated with an accuracy of 1 per cent. Ap- 
propriate corrections were then applied to both 
the helium and earbon monoxide analyses, since 
both meters were to some extent sensitive to car- 
hon dioxide in the amount present in alveolar air. 
Great care was taken with both meters to check 
the deflection to known gas mixtures with each 
analysis. The stability of calibration was checked 
every few months and varied only within narrow 
limits during the 1 year period in which both ini- 
tial and follow-up studies were performed. 

The test gas consisted of 12.05-12.70 per cent 
helium, 0.308-0.492 per cent carbon monoxide, 20 
per cent oxygen and the remainder nitrogen. The 
variation in inspired carbon monoxide concentra- 
tion was greater than desired; however, this ap 
peared to have no effect on DLleg as judged by 
determinations in a normal subject, where both the 
higher and lower concentrations were used at the 
same sitting. 

In preliminary experiments, determination of 
the resting diffusing capacity by the steady-state 
method of Filley, MaeIntosh and Wright” was 
accomplished in 5 of the eases of IASD, 2 eases 
£ IVSD, and 1 case of rheumatic heart disease. 
In our hands this technic gave erratic results in 
resting subjects. This was thought to be caused 
y difficulty in obtaining the extreme accuracy of 
Paco. determination necessary for the estimation 
f the mean diffusion gradient. Those data that 
vere obtained suggested that the Paco, determina- 
ion is even more critical where the diffusing ca- 
pacity at rest is increased, inasmuch as part of the 
‘ffect of an augmented DL in a resting subject 
nay be to reduce the mean value of the diffusion 
rradient. As a result of these practical and theo- 
‘etical considerations the method was abandoned 
n the present study, and the data are not reported. 

In 15 patients the interval between DLgo deter- 
ninations and catheterization studies was less than 
) months. In 3 patients an interval of more than 


2 years separated the 2 studies. However, clinical 
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wace 
Fewace 
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ig. 1. Relationship between single-breath diffus- 
ing capacity and body height. Normal range and 
standard deviation determined in 19 control subjects 


are shown by the parallel lines. 


findings failed in any ease to suggest a degree of 
change that would have invalidated correlation of 
the data from the different procedures. 

Maximum ventilatory capacity was determined 
with a modified 9 liter spirometer. Predicted values 
for the maximum ventilatory capacity were de- 
rived from the formula of Baldwin et al.”  Pre- 
dicted values for lung volumes in seated, nonfast- 
ing subjects were derived from the data of Need- 
ham et al.,” a factor of 1.06 being used to raise 
the figures of ambient temperature and pressure 
saturated with water vapor to those of body 
temperature. 


RESULTS 

In the 19 normal subjects (table 3) a sig- 
nificant correlation was found between DLicy 
and body height (DLico = 37.4 X body height 
(M.) — 36.5; S.D. = + 3.25 ml./min./mm. 
Hg; r = 0.71). For all normal subjects and 
for patients a predicted value was computed 
from this formula, from which the percentage 
ratio, Dlco observed/DLico predicted Xx 100, 
was derived. The mean of these values for 
the normal subjects was 100 per cent with a 
standard deviation of + 12.5 per cent and 
range of 85 to 127 per cent. Values differing 
by more than 6.5 ml./min./mm. Hg from 
predicted are considered to be elevated or 
reduced, inasmuch as they fall outside of the 
95 per cent confidence limits established by 
the normal series. 

By these criteria, 10 of the 16 patients with 
congenital heart disease had elevated values 
of DLco. and 1 patient had a reduced value 


(table 2). In 5 patients the test was normal. 
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TABLE 3.—Normal Subjects; Lung Volumes and Diffusing Capacity 


Vital capacity 
L 


— | 


5730 
3870 
4680 
6260 
5950 
6160 
5580 
5230 
3830 
3700 
3180 


a 


1 or or Or ct ts 


mh fee fet et 


3350 
3140 
3570 
3840 
3440 
2160 


2520 


= 


42 
45 
44 
45 
46 
47 
48 


hry by 


“4 


ord 
2 


4 


= 
= & > = 


hey 
a 


2500 


Average ; ) 16 4142 
Range 16-74 52- 45- 2160- 
6260 


In the group with rheumatic heart disease, the 
values were normal in 9 patients and reduced 
in 4 (fig. 1). 

Because both patient groups contained in- 
dividuals with disease processes of greatly 
differing degrees of severity, 3 graphs are pre- 
sented in which DIico as percentage of pre- 
dicted value is plotted against various param- 
eters (figs. 2-4). Thus, if allowance is made 
for differences in clinical severity (fig. 2), in 
the vital capacity measurement (fig. 3), and 
in the level of pulmonary artery pressure (fig. 
4), patients with intracardiac septal defects 
tend to have higher values for diffusing ca- 
pacity than patients with rheumatic heart dis 
ease. 

Figure 5 relates the resting pulmonary 
bood flow to Deco. Resting pulmonary 
blood flow was normal or reduced in all the 
rheumatic subjects and was elevated in all but 
4 of the 16 congenital patients. No instances 
of an elevated DLco in the presence of a re- 
duced value for pulmonary blood flow were 


- (%) (% Ne) 


Residual 
volume/ ' 
total breathing 
lung Mixing capacity 
capacity index (L./min.) 
obs. % pred. % pred 





10 0.71 138 91 : 106 
16 0.57 147 110 5 124 
21 1.08 126 88 2¢ 121 
19 0.59 150 92 ‘ 36 92 
25 0.70 217 160 : 106 
24 0.76 185 132 é 3° 97 
23 2 127 106 2 85 
27 0.99 158 128 oe é 94 
35 0.92 123 107 2% at 97 


38 1.71 95 107 pa 96 


42 1.79 68 93 21 90 


24 0.49 114 123 pi. 23 109 
28 0.75 109 121 2: 24 96 
0.62 136 142 2s 26 88 
0.49 98 103 25 100 
0.48 121 130 22 127 
0.63 133 160 22 91 
1.09 79 104 33 100 
37 1.14 71 109 20 85 


27 0.88 126 116 ; 26 100 
10- 0.48- 68- 88- . 20- 85- 


42 1.79 217 160 3: 36 127 


encountered, and, conversely, no reduced val- 
ues for DLicgo were found in patients with ele 
vated pulmonary blood flows. 

The results of serial determinations of DLico 
are presented in figures 6 and 7. In the nor- 
mal subjects followed over a 1 year period, 
the largest change between any 2 values ex 
pressed as a percentage of the greater value 
was 21 per cent. This could well be a summa 
tion of technical errors, inasmuch as varia- 
tions of a similar magnitude would oceasion- 
ally occur at a single sitting. The average 
variation at a single sitting, however, was 7 
per cent. 

Serial determinations were also performed 
in 4 patients with congenital heart disease and 
in 4 patients with rheumatic valvular heart 
disease. The normal degree of variation was 
exceeded in only 1 case (R.A., case 5), in 
whom a fall of 27 per cent from the original 
value of Dlco oceurred prior to corrective 
surgery, with a subsequent further fall post- 
operatively. In figure 7 this is expressed as 
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GROUP A 
Symptoms: none or 
mild 
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Symptoms: moderate 
or severe 
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Fig. 2 Left. Single-breath diffusing capacity in congenital and rheumatic heart disease with 


patients grouped according to clinical severity. 


as a percentage of the predicted value. 


Fig. 3 Right. Relationship between single-breath diffusing capacity and vital 
Both vital capacity and Dlg are expressed as percentage of predicted. 


Diagonal line is line of identity. 


normal subjects fell within the trapezoid. 


. 


a fall from 179 per cent of the predicted fig- 
ure to a final value of 107 per cent of pre- 
dicted. This patient had an ostium secundum 
type of IASD with pulmonary artery pres- 
sure of 35/12 and a pulmonary blood flow of 
19 L./min./M.? BSA at the time of the origi- 
nal examination. During the ensuing 9 months 
he noted increased fatigability and was found 
at a second catheterization to have an un- 
changed value of pulmonary artery pressure ; 
the pulmonary blood flow was found to be 11 
l../min./M.? BSA, but this change is of ques- 
tionable significance. Satisfactory closure of 
the defect was accomplished, and the final 
measurement of DLlico was made when he was 
in a symptomatically improved state. 

In another patient with IASD (A.A. ease 
5) a significantly elevated DLico fell to normal 
postoperatively, and in 1 case of mitral ste- 
nosis (R.L., case 27) a rise of 17 per cent oc- 
‘urred after a successful valvuloplasty. In 
3 other cases of mitral stenosis the values fell 
insignificantly or were unchanged. These 3 
valvuloplasties were at least partially success- 


Single-breath diffusing capacity is expressed 


capacity. 
Values on all 19 


ful both from the technical standpoint and 
from the evaluation of symptoms in the early 
months of follow-up. 


DISCUSSION 


This study indicates that elevation of the 
resting diffusing capacity is probably a com- 
mon occurrence in patients with intracardiac 
septal defects. Although this observation can- 
not be clearly correlated with any single as- 
sociated finding in the other tests performed, 
the data suggest that the level of pulmonary 


blood flow is of major importance. This con- 


clusion is based principally on the grouping 
of points in figure 5. 
of these points is considerable, but such scat- 
ter is to be expected if the number of causes 
of biologic variation and technical error are 


The degree of scatter 


considered. In particular, the estimation of 
pulmonary blood flow at rest by the Fick 
technic is inaccurate when the flow is marked- 
ly increased. 

Recent work by Roughton and Forster® 
strongly indicates that the value of Dlico is 
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Fic. 4 Top. Relationship between single-breath dif- 
fusing capacity and mean pulmonary artery pressure. 

Fic. 5 Bottom. Relationship between single-breath 
diffusing eapacity and pulmonary blood flow. Dif- 
fusing capacity was elevated only in the presence of 
increased pulmonary blood flow, and was never below 
normal when pulmonary blood flow was high. 


affected not only by the resistance offered by 
the pulmonary membrane to gas diffusion but 
also by resistance encountered by the CO mol- 
ecule in its passage across the red-cell mem- 
brane and into chemical union with hemo- 
globin. This latter resistance is reduced as 
the capillary blood volume increases. It is 
impossible from the present data to demon- 
strate that the increased value for DLco rep- 
resents only a functional expansion of the 
alveolo-capillary membrane as opposed to an 
increase in capillary blood volume. In fact, 
under conditions of increased pulmonary 
blood flow it seems unlikely that either type 
of change could occur without the other. 
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Whatever the change in the pulmonary ecap- 
illary circulation may be in patients with un- 
complicated shunts, the conditions are likely 
to be similar to those present in vigorous 
exercise in normal subjects. Under both cir- 
cumstances large pulmonary biood flows are 
tolerated with no, or minimal, rises in pulmo- 
nary artery pressure. If it be assumed that 
in all of our patients with septal defect this 
uncomplicated condition existed at one time, 
it can be concluded that the finding of a nor- 
mal diffusing capacity in the presence of pul- 
monary hypertension (fig. 4) represents a 
fall from a previously elevated value. Our 
data do not determine ‘whether this fall in 
DLco is primarily related to the decrease in 
pulmonary blood flow or to damage to the 
alveolo-capillary membrane related to the 
process of vascular obstruction. Edwards" 
has described cellular fibrous intimal thick- 
ening in small pulmonary arteries and arteri- 
oles in pathologic material from patients with 
[ASD and moderate pulmonary hypertension. 
These lesions may be completely occlusive but 
are focal; because of this fact it seems likely 
that areas of lung are functionally removed 
from the process of gas exchange, while in 
other areas the capillary bed is fully ex- 
panded. With severe pulmonary hyperten- 
sion the occlusive lesions were present in ves- 
sels as wide as 300 microns. Presumably, 
once initiated, this process of focal vascular 
occlusion progresses, and its severity must 
therefore be related to its duration. Such 
considerations render more plausible some of 
the individual values of DLlicg obtained. For 
example, both cases 10 and 16 had marked 
pulmonary hypertension with normal values 
for pulmonary blood flow. In case 10, a 20 
year old male, Dlico was elevated, while in 
case 16, a 47 year old woman, it was markedly 
reduced. 

In this study, DLico in mitral valve disease 
was normal or reduced; similar results for 
DLio2 were obtained by Carroll, Cohn, and 
Riley.’ It is thus obvious that active hyper- 
emia, as exemplified by IASD, and passive 
congestion caused by valvular heart disease 
do not have identical effects on the pulmonary 
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REPEATED DETERMINATIONS IN NORMAL SUBJECTS 
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Fig. 6 Top. Variations in single-breath diffusing 
ipacity in normal subjects studied over 1 year. 


Fic. 7 Bottom. Variations in single-breath diffusing 
ipacity in patients with congenital and rheumatic 
eart disease studied over 1 year. Time of corrective 
irdiae surgery is indicated by the vertical arrows. 


apillary bed. It may be that while both con- 
litions produce capillary dilatation, associa- 
ed effects of pulmonary congestion cause a 
‘eduction in diffusing capacity. These asso- 
‘lated effects in advanced eases have been 
vell described by Parkér and Weiss" and are 
ot limited to the pulmonary eapillary. Fi- 
brosis of the interstitium, thickening of the 
alveolar membrane, and edema (both intersti- 


tial and intra-alveolar) collectively provide 
ample explanation of the reduction in diffus- 
ing capacity that occurs in advanced eases. 
This knowledge, plus the failure of Dlico to 
rise in 3 of 4 cases studied after valvuloplasty, 
suggest that a reduced Dlico in mitral valve 
disease may be an indication of permanent 
damage to the lung parenchyma, rather than 
simply the result of congestion or diminished 
pulmonary blood flow. 

It is not proposed that a single determina- 
tion of Dlico materially improves the evalua- 
tion of the individual patient with intracar- 
diae septal defect. It would, however, appear 
to have possible use when serially determined. 
If such determinations show a significant fall 
from an initially elevated value, it becomes 
difficult to escape the conclusion that progres- 
sive deterioration is occurring in the pulmo- 
nary circulation. The symptomatie and elin- 
ical evidences of these changes are by no 
means clear-cut, particularly in the early 
stages. There would appear, therefore, to be 
potential usefulness in a safe, reproducible 
procedure that correlates with events taking 
place in the pulmonary capillary bed. 


SUMMARY 


The pulmonary diffusing capacity was de- 
termined by the single-breadth carbon monox- 
ide technic in 16 patients with intracardiac 
septal defects, 13 patients with rheumatic 
valvular heart disease, and 19 normal sub- 
jects. Significantly elevated values were 
found in 10 patients with intracardiac septal 
defects, in 9 of whom the pulmonary blood 
flow was elevated. Normal or insignificantly 
elevated values usually occurred where intra- 
cardiac septal defects were accompanied by 
moderate or marked degrees of pulmonary hy- 
pertension. A significantly reduced value was 
obtained in 1 patient with interatrial septal 
defect complicated by marked pulmonary hy- 
pertension and in 4 of the 13 subjects with 
rheumatic valvular heart disease. In 2 subjects 
with interatrial septal defect the diffusing ¢a- 
pacity was initially elevated but became nor- 
mal following closure of the defect. The data 





240 


are consistent with the concepts that pulmo- 
nary blood flow and diffusing capacity are re- 
lated quantities and that the pulmonary 
vascular complications in patients with intra- 
cardiac septal defects may also cause impaired 
diffusion by a more direct mechanism in some 
eases. In view of these considerations, serial 
determinations of diffusing capacity may have 
clinical value in prognosis and in determining 
the urgency of the need for corrective surgery. 
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SUMMARIO IN INTERLINGUA 


Le capacitate pulmonar de diffusion esseva 
determinate per medio del technica a inspira- 
tion unic de monoxydo de carbon in 16 pa- 
tientes con defectos de septo intracardiac, 13 
patientes con rheumatic morbo de valvula car- 
diac, e 19 subjectos normal. Valores significa- 
tivemente elevate esseva trovate in 10 pati- 
entes con defectos de septo intracardiac, 
incluse 9 in qui le fluxo de sanguine pulmonar 
esseva elevate. Valores normal o insignifica- 
tivemente elevate occurreva usualmente in 
casos in que defectos de septo intracardiac 
esseva accompaniate de grados moderate o 
mareate de hypertension pulmonar. Un sig- 
nificativemente reducite valor esseva obtenite 
in 1 patiente con defecto de septo interatrial 
complicate per mareate grados de hyperten- 
sion pulmonar e in 4 ex 13 subjectos con mor- 
bo rheumatie de valvula cardiac. In 2 sub- 
jectos con defectos de septo interatrial, le 
capacitate diffusori esseva initialmente ele- 
vate sed deveniva normal post que le defecto 
habeva essite claudite. Le datos es compati- 
bile con le conception que le fluxo de sanguine 
pulmonar e le capacitate diffusori es magni- 
tudes interrelationate e que le complicationes 
pulmono-vascular in patientes con defectos de 
septo intracardiac es etiam capace, in certe 
casos, a causar un compromisso del diffusion 
per un mechanismo plus directe. Iste consid- 
erationes suggere que determinationes serial 
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del capacitate diffusori es possibilemente de 
valor clinic in establir le prognose e in deter- 
minar le urgentia de chirurgia corrective in 
le caso individual. 
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The 1,346 persons working at the Brookhaven National LaLoratory since 1953 were 
classified by history and physical examination with the following results. The average 
age was 34.6 years (+10.0) and five sixths were males. The 135 individuals who denied 
ever adding sodium chloride to their food had an incidence cf hypertension (140 mm. 
Hg systolic, 90 mm. Hg diastolic or higher) of 0.7 per cent. In contrast, 10.5 per cent 
hypertensive individuals were found in the group of 581 individuals who routinely added 
salt to food before tasting it. The incidence of hypertension in the high salt group as 
compared with the low salt group was greater in non-overweight persons and much 
greater in overweight persons. The distinction by history between the low- and high-salt- 
intake groups was validated by the results of urine sodium analyses done in a number of 
eases. It was proposed that the level of sodium intake is the primary etiologic factor 
in the development of essential hypertension. 
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Familial Pseudoxanthoma Elasticum 
and Valvular Heart Disease 


By Jay D. Corrman, M.D., AND SHELDON C. Sommers, M.D. 


The clinical and pathologie findings are presented of a patient with pseudoxanthoma 
elasticum leading to fatal valvular heart disease. The literature concerning the involve- 
ment of the heart by this disease is reviewed and reveals that valvular heart disease has 
not been described as a clinical problem heretofore. The occurrence of the condition in 


the relatives of the patient is described. 


Pe ELASTICUM has 
been described as a systemic disease that 
affects the skin, the eyes, and the blood ves- 
sels. That it may directly involve the heart 
and cause significant valvular disease is not 
so well known. Histologic changes in the 
endocardium and heart valves have been de- 
scribed!’ but valvular heart disease has not 
been a clinical problem in these cases. After 
studying the following familial cases of pseu- 
doxanthoma elasticum, especially case 1 who 
died in severe congestive heart failure due to 
mitral stenosis, it was considered that another 
differential diagnosis must be added to the 
uncommon causes of valvular heart disease. 


Case 1. Mrs. M. K. (MMH 390-037), a 68-yvear- 
old white housewife of Portuguese extraction, en- 
tered the Massachusetts Memorial Hospitals be- 
cause of shortness of breath. Three years prior 
to admission she developed irregular heart action 
and symptoms of congestive heart failure that 
were controlled by digitalis and diureties. During 
the previous month she became dyspneie and was 
confined to bed, the legs and abdomen became 
swollen, and the urinary output decreased. She 
denied chest pain or knowledge of high blood 
pressure. 

Past history included an attack of “influenza” 
in 1918, following which a heart murmur was 
heard. There were no other episodes suggestive 
of rheumatic fever. 

Physical examination revealed an obese dyspneic 
woman. The temperature was 101 F., and respira- 
tions were 30; the blood pressure was 140 mm. 
Hg systolic and 80 diastolic. The skin was pale, 
loose, dry, and sealy, with large ecchymoses on 
the forearms. The neck veins were distended. 


From the Departments of Medicine and Pathology, 
Boston University School of Medicine, and Massa- 
chusetts Memorial Hospitals, Boston, Mass. 


There were fine rales over the left lower lung 
field posteriorly. Cardiae dullness extended from 
the left anterior axillary line to 3 em. to the right 
of the sternal border in the fifth interspace. The 
rhythm was grossly irregular. The first heart 
sound was accentuated and an opening snap was 
heard. <A grade-II, low-pitched, rumbling mid- 
diastolic murmur was localized to the apex. A 
grade-III, rough, blowing systolic murmur was 
loudest at the apex and radiated to the axilla. 
The pulmonic component of the second heart sound 
was louder than the aortic. <A fluid wave and 
shifting dullness were noted in the abdomen. The 
liver was firm, nontender, and pulsating 5 em. 
below the right costal margin. There was pitting 
edema of the entire lower extremities. 

The hemoglobin was 6.3 Gm. per 100 ml. and 
the hematocrit level was 22 per cent; the red 
blood cell count was 2.76 million per mm.* The 
icteric index was 5. The serum sodium was 143 
mEq., the potassium 5.3 mKq., the chloride 110 
mEq., and the earbon dioxide 19.8 mEq. per liter. 
The fasting blood sugar was 121 mg., the total 
protein 6.1 Gm., the albumin 3.8 Gm., and the 
globulin 2.3 Gm. per 100 ml. The protein-bound 
iodine was 4.2 pg., the total iodine 4.2 yg., and 
the serum iron 9 pg. per 100 ml. Urinalysis was 
negative except for 1+ albumin. 

A chest x-ray film showed a markedly enlarged 
heart with a contour suggesting pericardial effu 
sion. An electrocardiogram revealed atrial fibril- 
lation with a ventricular rate of 90, occasional 
ventricular premature beats, right axis deviation, 
and ST-T abnormalities attributed to digitalis. 

The morning after admission, the patient sud- 
denly became very dyspneic, vomited a_ small 
amount of material, and died. 

Gross and microscopic findings of the autopsy 
showed unusual changes in the heart, kidney, and 
blood vessels. The abdominal cavity contained 
about 2,000 ml. and the pericardial cavity 200 ml. 
of serous fluid. The empty heart weighed 750 
Gm.; there was hypertrophy, mostly of the left 
ventricle, and dilatation of all chambers. The left 
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FAMILIAL PSEUDOXANTHOMA ELASTICUM 


Fie. 1 Top left. Opened heart of case 1, showing the wrinkled left atrium, rolled thickened 
mitral valve cusps with calcification at the right, and a yellow discolored atrial area just 
above the ealcifications. The chordae tendineae appear normal. 


Fic. 2 Bottom left. Left atrium, with the endocardial surface at the top, stained to show 


the elastic tissue as black strands. Note that the more superficial elastiea 


is relatively 


normal, but that the deeper elastic tissue is abnormally fragmented, irregular, coarse-fibered 
and partly palisaded at right angles to the surface. Verhoeff-van Gieson stain. X 250. 


Fig. 3 Top right. Mitral valve, demonstrating some black-stained curled, coarse broken 


elastic fibers below the artefactual lacunar 


Verhoeff-van Gieson stain. X 250. 


space. Endocardial surface is at the top. 


Fig. 4 Bottom right. Aorta, showing the bizarre ridge-like thickenings of the intima, beneath 


which the black-stained elastic tissue is in disarray, with marked degeneration. 


yieson stain. X 90. 


trium had a wrinkled, white and yellow, opaque 
ndoeardium. The mitral valve was narrowed and 
sh-mouthed in appearance, with thickening and 
vealized calcification at the leaflet margins. The 
hordae tendineae were normal (fig. 1). The other 
ardiae valves and coronary arteries were within 
.ormal limits for the patient’s age. Microscopi- 
‘ally, the heart valves, including the mitral valve, 


Verhoeff-van 


were not vascularized and there was endocardial 
and valvular thickening by dense connective tissue. 
No inflammation or Aschoff bodies were observed. 

Special stains for elastic tissue showed that the 
elastic fibers in the thickened endocardium were 
abnormally inereased in number, coarse, frag- 
mented, and locally palisaded perpendicular to the 
surface (fig. 2). In the mitral valve, and to a 





® 
a" i a 


Fig. 5 Top left. Aortie media at higher magnification showing extremely peculiar alterations 
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of black-stained elastic fibers and hydropie degeneration of the intervening gray-stained 


muscle. Verhoeff-van Gieson stain. X 250. 


Fic. 6 Bottom left. Small artery in the gastric submucosa is shown, with nearby accessory 
glands of the cardia. Marked degeneration of the internal elastic membrane is present. 


Hematoxylin and eosin stain. X 250. 


Fig. 7 Top right. Kidney of case 1, with elastie tissue stained black, to illustrate the unusual 


degenerative changes found in the arterial 


stain. X 90. 


Fic. 8 Bottom right. Skin specimen from ease 1. 


and arteriolar elastica. Verhoeff-van Gieson 


The epidermis is wrinkled, and the black- 


stained elastic tissue of the upper dermis appears normal. The lower dermis and _ insert 
contain coarse degenerated, dermal elastic fibers, curled and breken, typical of pseudoxanthoma 
elasticum. Verhoeff-van Gieson stain. X 20; insert X 40. 


lesser extent in other cardiae valves, the elastic 
fibers were abnormally coarse, curled, and frag- 
mented (fig. 3). Grossly the aorta and major 
vessels appeared elastic. Moderate intimal thick- 
ening, calcification, and lipoid deposition were 
present in the abdominal aorta. The ascending 
aorta had a peculiar transversely wrinkled appear- 
ance with a yellow color, more marked along the 
ridges between the wrinkles. Microscopically, both 


in aorta and pulmonary artery there were intima 
hillocks that contained fine fibers lightly staine: 
by elastic-tissue technic; below this level the elasti: 
tissue of the media was unusually abundant, coarse 
and fragmented (fig. 4). The muscle of the aortic 
media appeared hydropie (fig. 5). 

The lungs weighed 900 Gm. together, the splee1 
500 Gm., and the liver 1,450 Gm.; all showed 
chronic passive congestion. There were petechia 





FAMILIAL PSEUDOXANTHOMA ELASTICUM 


on 


Ea E] © G 


O Female 


0 Male @ PE 


@ PXE & Heart Diseose 


( PROPOSITUS ) 


& cae 


4 42 
ry ES &@ © 


3 © Not Examined 


Fic. 9. Pedigree of the family of case 1 (Mrs. M. K.), to demonstrate the relationships and 
abnormalities observed. Patient’s initials and ages in vears at the time of examination 


are given. 


hemorrhages in the gastric mucosa, and microscopi- 
cally oeceasional small arteries showed extreme 
thickening and degeneration of the internal elastic 
lamina, unlike that seen in arteriosclerosis (fig. 6). 

Each adrenal gland weighed 9 Gm. and each 
kidney 150 Gm. The renal capsules stripped with 
some difficulty, leaving a pitted, diffusely granular, 
pale tan surface. The cortices were poorly demar- 
cated and measured 0.6 em. in width. Microseopi- 
cally there were extreme localized thickening, re- 
duplication and fragmentation of elastic tissue in 
the small renal arteries and in some arterioles. 
(ilomeruli were large and rather ischemic, with 
ionspecifie sclerotic changes and a slight increase 
n the number of nuclei. Foeal interstitial chronic 
nflammation was seen, consistent with pyelone- 
/hritis (fig. 7). 

Grossly the skin appeared wrinkled and pale 
ith induration and brownish discoloration over 
ie legs. Microscopically in the deep corium, with 
yutine stain, the connective tissue appeared ab- 
ormally coarse and slightly basophilic. This tissue 
tained green like collagen with the Masson tri- 
hrome method. The elastic-tissue stain showed a 
riking degeneration of elastic fibers deep in the 
rium, with fragmentation, coalescence, thicken- 
ig, and curling of elastic tissue, typical of pseudo- 
anthoma elasticum (fig. 8). 

Incidental findings included cholelithiasis, endo- 
ietrial hyperplasia, chronic cystic mastitis with 
itraductal papillomas, ovarian stromal hyper- 
lasia, and cavernous hemangioma of a lumbar 
ertebra. 


Death was attributed to congestive heart failure 
in the presence of pseudoxanthoma elasticum in- 
volving the heart, kidney, aorta, pulmonary artery, 
small blood vessels, and skin. 

Case 2. E. B. (MMH 389-706), a 46-year-old 
daughter of case 1 (fig. 9) entered the Massa- 
chusetts Memorial Hospitals for extraction of 
teeth. At age 9 she was told by the school physi- 
cian that she had a heart murmur. She remember- 
ed no episode resembling rheumatic fever. No 
cardiac symptoms were present until exertional 
dyspnea developed 3 years prior to admission. Two 
years after this she experienced a transient loss 
of motor power of the right leg for 1 day. Six 
months later she developed numbness of the left 
side of her face and of her left hand. These 
symptoms gradually improved. 

There were no indications of a bleeding tend- 
eney from any system; her menstrual history was 
normal. Symptoms of peripheral vascular dis- 
ease, except as noted above, were absent. She 
had had blurred vision in her right eye since birth. 

She had had 2 thyroid operations, 14 and 12 
years previously, for symptoms of hyperthyroid- 
ism and exophthalmos. Ten years prior to ad- 
mission she was given thyroid medication for “low 
thyroid activity.” She stopped taking it because 
it made her nervous. 

Physical examination revealed a well developed, 
middle-aged woman in no distress. Pulse was 70 
and respirations were 16 per minute. Blood pres- 
sure was 110 systolic mm. Hg and 78 diastolic. The 
skin was dry and of fine texture; a 2 by 3 em. 
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atrophic, wrinkled area was present on the lower 
back. There was marked exophthalmos. The 
right fundus could not be visualized because of a 
cataract; the left fundus was normal. The neck 
veins were distended but the lungs were clear to 
auscultation and percussion. A grade-III rough 
blowing systolic murmur was heard loudest at the 
aortic area and transmitted to the neck and axilla. 
A grade-II, high-pitched, soft, blowing diastolic 
murmur was present at the aortic area and in the 
third left interspace parasternally. The pulmonic 
component of the second heart sound was louder 
than the aortic. The rhythm was regular. Pulses 
below the femorals were absent in the legs; the 
radial pulses were of normal amplitude. There 
was weakness of the left facial muscles. 

Blood urea nitrogen, fasting sugar, electrolytes, 
and total protein were normal. <A serum choles- 
terol was 383 mg. per 100 ml. Urinalysis re- 
vealed 1+ albumin. The basal metabolie rate was 
+1 per cent. 

Cardiae fluoroscopy showed the heart to be en- 
larged in all diameters with no specific chamber 
enlargement. The barium-filled esophagus was dis- 
placed posteriorly. There was generalized diminu- 
tion of cardiae pulsations. The lung fields showed 
increased prominence of the bronchovaseular pat- 
tern. An electrocardiogram revealed nonspecific 
T-wave abnormalities and late U waves, which were 
inverted over the left precordium. 

The patient was given thyroid extract and digi- 
talis, and she improved considerably. 

Skin biopsy from the atrophic, wrinkled, lumbar 
area was diagnosed as pseudoxanthoma elasticun. 
The deeper layers of dermis appeared abnormally 
basophilic and were composed of curled heavy 
connective-tissue strands with the hematoxylin and 
eosin stain. With Verhoeff-van Gieson stain for 
elastic tissue, the elastica of the superficial dermis 
was practically normal, but in the lower dermis the 
elastic fibers were coarse, broken, curled, and ir- 
regular both in distribution and in the appearance 
of individual fibers. 

Case 3. M. K., the second eldest daughter of 
case 1 who was 36 years of age, was examined for 
evidence of pseudoxanthoma elasticum. She had 
been healthy all her life. There were no symp- 
toms of bleeding from any system and her men- 
strual history was normal. She stated that small 
ecchymoses of the legs developed very easily. She 
denied cardiac or peripheral vascular symptoms ex- 
cept for palpitation and a tightness in the anterior 
chest when nervous. There were no visual diffi- 
culties. Past history failed to reveal any episode 
resembling rheumatic fever. 

The fundi and skin were normal. A grade-IT, 


rough, blowing, systolic murmur was heard pre- 
cordially but loudest in the right supraclavicular 
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fossa; it was not transmitted to the axilla. The 
aortic component of the second basal heart sound 
was louder than the pulmonic. The rhythm was 
regular. The blood pressure was 150/80. This 
murmur was considered most consistent with aortic 
stenosis. Peripheral pulses were of normal ampli- 
tude. 

Chest films and eardiac fluoroscopy showed the 
heart to be normal in size and contour. There was 
minimal but normal posterior indentation of the 
barium-filled esophagus in the region of the atria 
No intraeardiae calcification was seen. An electro 
‘ardiogram showed sinus arrhythmia and prom 
inent U waves. 

A skin biopsy showed localized abnormalitie: 
of the lower dermis with fragmentation of elasti: 
fibers, consistent with mild pseudoxanthoma elasti 
cum. 

Case 4. H. P. (MMH 507-115), a 31-year-old 
daughter of the patient of case 1 entered the hos 
pital for repair of a hernia. She had had a heart 
murmur since childhood and was restricted in sports 
at school. There was no history of an illness re 
sembling rheumatie fever. Symptoms of heart fail 
ure were absent. Except for the appearance ot 
small ecchymoses on her legs without known 
trauma, there was no bleeding tendency. Men 
strual history was normal; she had had 4 mis 
carriages and 3 normal pregnancies. No visual 0: 
peripheral vascular symptoms were present. 

The fundi and skin were normal except for : 
small ecchymosis on the right upper arm. Thi 
cardiac impulse was very foreeful 2 em. to thi 
left of the midclavicular line in the fifth interspace. 
A systolic thrill was felt over this area. Ther 
was a grade-IV, rough, blowing systolic murmur, 
loudest at the apex and transmitted to the axilla 
but not to the neck. The aortic component of the 
second basal heart sound was louder than th 
pulmonic. A third heart sound was heard in earl) 
diastole at the lower left sternal border. Th 
rhythm was regular at a rate of 72. The bloo 
pressure was 120/68. The findings were con 
sidered most consistent with mitral insufficienc) 
There were many nonpigmented striae on the ab 
domen and a large right lower quadrant sear wit! 
a bulging hernia. A firm, nontendey liver wa 
felt 3 em. below the right costal margin. Th 
right dorsalis pedis pulse was of small amplitud 
compared to the left. 

Laboratory data were normal, including tota 
cholesterol and protein-bound iodine values. 

An electrocardiogram revealed ST-T abnormali 
ties in the left precordial leads suggestive of lef 
ventricular hypertrophy. A chest film showed th: 
heart to be above the normal limits in size with : 
cardiothoracic ratio of 15.5 to 29.5. The pul 
monary artery segment and left atrium were prom 
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nent. Cardiac fluoroscopy showed an indentation 
m the barium-filled esophagus in the region of the 
eft and right atria. No intracardiac calcifications 
vere seen. Findings were consistent with mitral 
alvular disease. 

As in eases 1 and 2, skin biopsy showed coarse 
vasophilie connective tissue in the deeper corium. 
With Verhoeff stain, the deep corium was partly 
composed of heavy, irregular, curled and broken 
lastie fibrils, considered pseudoxanthoma elasti- 
um. 

Case 5. J. K., a 39-year-old son of case 1 was 
idmitted to another hospital at age 29 for pares- 
hesias and weakness of the left extremities. A 
-omplete neurologie study ineluding 3 lumbar pune- 
ures that showed 10 to 15 lymphoeytes, a first- 
one colloidal gold curve, and normal protein re- 
sulted in a diagnosis of probable multiple sclerosis. 
\ myelogram was unrevealing. He recovered al- 
nost completely and had no further episodes. 

He was seen at Massachusetts Memorial Hospi- 
tals following his mother’s death. His history was 
negative for symptoms of pseudoxanthoma elas- 
ticum. Positive physical findings included a scaly 
rash of the left elbow present for many years, 
id aene sears of the back and chest, a blood pres- 
sure of 164 systolic, 110 diastolic, and arterio- 
venous nicking and arteriolar tortuosify of the 
fundie vessels. 

A skin biopsy from the lower back showed that 
ihe epidermis was mildly hydropic. The dermis 
ippeared negative, except that the deeper corium 
iad a somewhat basophilic coloration with hema- 
foxvlin and eosin, and Verhoeff stain showed exag- 
erated swelling, coalescence, fragmentation, and 
urling of elastie fibers. Changes were consistent 
ith mild pseudoxanthoma elasticum. 


Case 6. L. K., a 41-year-old son of case 1 had 
© symptoms or physical findings of pseudoxan- 
ioma elasticum. His only positive physical find- 
igs were signs indicating a moderate degree of 
uphysema. Skin biopsy of the lower back show- 
| mild basophilia of collagen fibers deep in the 
‘mis, associated with abnormal swelling and 
agmentation of elastic tissue. These degenera- 
ve changes were considered consistent with 
seudoxanthoma elasticum. 

D. K. (MMH 508534), the 71-year-old Irish hus- 
ind of ease 1 had no symptoms or physical find- 
gs suggestive of pseudoxanthoma elasticum. <A 
in biopsy from the lower back was of normal 
pearance except for atrophie changes attribu- 
ble to age. No abnormalities of elastic tissue, 
sembling those described above were identified 
ith the Verhoeff-van Gieson stain. 

A third son of case 1 was not available for 
camination, 


; DIscUSSION 

Pseudoxanthoma elasticum has been the 
subject of many papers® +“ reviewing the 
typical skin appearance and the retinal angi- 
oid streaks (Grénblad-Strandberg syndrome), 
the systemic findings, and the pathologie pic- 
ture. Revell and Carey have provided the 
following list of systemic symptoms and signs 
in order of their frequency: hypertension, 
inequality and changes in pulses, intermittent 
claudication or angina, calcification of periph- 
eral vessels, abnormal bleeding into the gas- 
trointestinal tract, uterus, bladder and brain, 
psychic disturbances, and epilepsy. 

Signs and symptoms of heart disease are 
quite common.® Left ventricular hypertrophy 
associated with hypertension and angina pee- 
toris due to coronary arterial involvement by 
the disease are often present. Pathologic 
changes in the heart due to pseudoxanthoma 
elasticum have rarely been encountered. The 
opinion has been expressed that involvement 
of the heart would not be expected, since it 
contains only a small amount of elastic tis- 
sue.t’ In his original description of this dis- 
ease in a 49-year-old man without evidence 
of clinical heart disease, Balzer! described a 
whitish yellow surface over the greater part 
of the endocardium of the right atrium as well 
as plaques of the same color on the ventricular 
trabeculae and pericardium. Histologically, 
degeneration of the elastic elements, the same 
pathologic picture as seen in the corium of 
the skin, was present at these sites. 

MecKusick? described interesting findings at 
postmortem examination in a ease of pseudo- 
xanthoma elasticum with a loud blowing api- 
cal systolic murmur as the only manifestation 
of heart disease. The heart was not enlarged, 
weighing 325 Gm. There was a_ yellowish 
thickening of the endocardium of the right 
atrium and a nodular thickening over the 
trabecular ridges. The posterior leaflet of the 
tricuspid valve had a smooth, thickened, firm, 
rolled edge without excrescences. The aortic 
leaflet of the mitral valve was similarly thick- 
ened at the edge and there was marked ¢al- 


cific change at its attachment. Histologically 
the subendocardial tissue of the right atrium 
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showed the same changes as described in the 
skin of pseudoxanthoma elasticum. 

Reiner*® presented the case of a 27-year-old 
woman with pseudoxanthoma elasticum at the 
New England Society of Pathologists in 1955. 
The only cardiac symptom was palpitation. 
At autopsy the endocardium of the right and 
left atria and the left ventricle was dull, 
thickened, and opaque. The histologic picture 
of the endocardium was typical of pseudoxan- 
thoma elasticum. 

Clinieally our first patient was believed to 
have rheumatic heart disease with mitral ste- 
nosis and tricuspid insufficiency. Histologi- 
eally, changes of pseudoxanthoma elasticum 
were present in the skin, blood vessels, kidney, 
and heart. The endocardium of the left 
atrium was thickened and whitish yellow in 
color. The mitral valve had a hard, rolled 
ridge along the closure line and was definitely 
stenotic. Microscopie studies revealed far- 
advanced degeneration of the elastic fibers in 
the endocardium. Lack of vascularization of 
the valves, the normal chordae tendineae, and 
absence of Aschoff bodies ruled against this 
being inactive rheumatic heart disease. The 
patient had shown no obvious skin changes 
except for the subcutaneous hemorrhages that 
have also been described in pseudoxanthoma 
elasticum.’ The eyegrounds were not visu- 
alized, so we cannot say if angioid streaks 
were present in case 1, but the patient had no 
history of visual difficulties. 

Other patients with pseudoxanthoma elasti- 
cum have been described as having heart 
disease, but histologic proof that this disease 
involved the elastic tissue of the heart was 
lacking. Prick® presented a 48-year-old 
woman with pseudoxanthoma elasticum, whose 
heart was hypertrophied at autopsy. The mi- 
tral valve presented a thickened edge with 
some yellowish white patches, but microscop- 
ically only fatty infiltration of the heart 
muscle was described. This patient had dysp- 
nea on exertion, an enlarged heart with a 
faint systolic precordial murmur, and an ac- 
centuated second aortic heart sound. Von 
Trannenhain’’ reported a case of pseudoxan- 
thoma elasticum in which the postmortem 
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diagnosis included chronic mitral endocarditis 
and chronic myocarditis, but histologic studies 
of the heart were not presented. Small yel 
lowish white deposits were found on the aortic 
and mitral valves in 1 other case,* but micro 
scopic study was again lacking. Systolic mur 
murs have been heard frequently in patient: 
with pseudoxanthoma elasticum and there has 
been 1 reported case!! with the murmur ot 
mitral stenosis. 

Five of the 6 children of the patient of cas: 
1 showed the changes of pseudoxanthoma elas 
ticum in skin biopsy, and 3 presented evidence: 
of heart disease (fig. 9). There were no clini 
cal skin lesions in these patients except fo: 
an atrophic area of skin in case 2 and an elbow 
rash in case 5. The history of ecchymosis 
formation without provocation in the daugh 
ters was suggestive. It is not unusual to find 
the pathologic changes of this disease in nor 
mal-appearing skin.” 

Each of the daughters also had clinically) 
significant heart findings, and there was no 
history of rheumatic fever. It has been found 
that about 60 to 70 per cent of those with 
rheumatic heart disease will have had a known 
episode of rheumatic fever, if carefully ques- 
tioned.'* Whether the heart lesions in the 
daughters are the result of pseudoxanthoma 
elasticum cannot be said at this time. In ease 
2 thyroidectomy had been performed for thy 
rotoxicosis, which has been believed to have 
some relationship to pseudoxanthoma elasti- 
eum.® This daughter also had absent periph- 
eral pulses in the legs. One of the sons had 
an elevated blood pressure, a common accom- 
paniment of this disease. 

Inheritance of pseudoxanthoma elasticum 
is usually as an autosomal recessive, but 
rarely is it transmitted as a dominant. * ™ 
Parental consanguinity is common in the lat 
ter case. Microscopic study of the skin from 
5 of the 6 children of case 1 revealed changes 
consistent with pseudoxanthoma elasticum 
The patient and her husband were of different 
racial backgrounds and a skin biopsy from 
the husband failed to reveal evidence of pseu 
doxanthoma elasticum. MeKusick? was able 
to find only 8 cases of direct transmission of 
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this disease in his survey of the literature; 
however, it has been rare that skin biopsies 
were examined from offspring who did not 
show evident clinical manifestations of the 
disease. Perhaps when more such studies are 
performed, the dominant mode of transmis- 
sion will be found in pedigree studies, as has 
already been postulated by Weidman, Ander- 
son, and Ayres.'4 

This paper does not pretend to review the 
controversy regarding the basic lesion of this 
disease, whether it is really an elastic or a 
connective tissue degeneration, except to point 
out that the most recent analytic work with 
histochemistry, electron microscopy, and en- 
zymes seems to indicate a primary elastic tis- 
sue disorder.’ 15 16 


SUMMARY 


The clinical and postmortem findings in a 
patient with pseudoxanthoma elasticum, who 
died in congestive heart failure due to mitral 
stenosis, are presented. Histologic examina- 
tion of the heart revealed elastic-tissue de- 
generation in the endocardium of the left 
atrium and in the valves and no evidence for 
rheumatic heart disease. The skin, blood ves- 
sel, and kidney sections also showed the 
changes of pseudoxanthoma elasticum. 

Five of the patient’s 6 children were avail- 
ible for skin biopsies, and all demonstrated 
ome degree of elastic-tissue change consistent 
vith pseudoxanthoma elasticum. Three of the 
hildren also had evidence of valvular heart 
lisease. A skin biopsy from the patient’s 

usband was normal, indicating a dominant 
ode of inheritance, which has been consid- 
red rare. 

In the 3 previously reported cases of pseu- 
oxanthoma elasticum with histologie cardiac 
ivolvement, valvular heart disease was not a 
linieal problem. It is thought that pseudo- 
anthoma elasticum must be added to the list 
f uncommon eauses of valvular heart disease. 
Vhen a patient with the findings of valvular 
eart disease lacks a history of rheumatic 
ever, pseudoxanthoma elasticum should be 
onsidered. 


SUMMARIO IN INTERLINGUA 


Es presentate le constatationes clinic e 
necroptic in un patiente con pseudoxanthoma 
elastic, qui moriva in congestive disfallimento 
cardiac causate per stenosis mitral. Le exa- 
mine histologic del corde revelava degenera- 
tion de histo elastic in le endocardio del atrio 
sinistre e in le valvulas. Esseva trovate nulle 
signo de rheumatic morbo cardiac. Le altera- 
tiones characteristic de pseudoxanthoma elas- 
tie esseva etiam presente in le pelle, le vasos 
faint systolic precordial murmur, and an ac- 
sanguinee, e sectiones renal. 

Le patiente habeva 6 filios. Cinque de illes 
esseva disponibile pro biopsias cutanee, e om- 
ne istes monstrava un certe grado de altera- 
tion del histos elastic, de character compatibile 
con un diagnose de pseudoxanthoma elastic. 
Tres de illes habeva etiam signos de morbo de 
valvula cardiac. Un biopsia cutanee ab le 
sposo del patiente esseva normal. Isto indica 
que le transmission representava le modo do- 
minante, un phenomeno que ha essite conside- 
rate como rar. 

In le 3 previemente reportate casos de 
pseudoxanthoma elastic con affection histologic 
del corde, morbo de valvula cardiae non es- 
seva un problema clinic.. Es opinate que 
pseudoxanthoma elastic debe esser addite al 
lista del causas incommun de morbo de valvula 
cardiac. Quando un patiente con indicios de 
morbo de valvula cardiac es sin historia de 
febre rheumatic, le possibilitate de pseudo- 
xanthoma elastic deberea esser prendite in 
consideration. 
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Only 1 instance of myocardial infarction was found among 521 thyrotoxie patients 
aged 40 years or older seen at the Rikshospitalet in Oslo during the 20 years prior to 
1956. This patient was a 46-year-old woman who had had severe angina pectoris for 
about 214 years before developing the symptoms of thyrotoxicosis. According to Nor- 
wegian Life Insurance statistics, 2 myocardial infaretions would have been expected in 
a group of this size. Three hundred and seventy-eight of these patients had serum 
cholesterol measurements averaging 160 mg. per cent, which is significantly lower than 
the 255 mg. per cent average found in normal persons of the same ages. The 15 
autopsied thyrotoxic patients showed less than average coronary and aortic athero- 
sclerosis. The authors suggest that thyrotoxicosis may afford some protection against 


the development of atherosclerosis. 
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The Electrocardiogram of the South African Bantu 


By J. D. Woops, M.B., anp W. Laurie, M.D. 


Considerable attention has been directed to the “suggested” low incidence of atherosclerosis 
in the Bantu and its relation to diet and blood lipids. Electrocardiographie abnormalities 
found in the Bantu have been regarded as unreliable evidence either of the presence or the 
nature of heart disease in these subjects and hence not inconsistent with the alleged 


freedom of heart disease in these people. 


In the present study the authors challenge 


the validity of such an interpretation of electrocardiographie changes. 


HE electrocardiogram has become so well 
established in diagnosis that no heart 
‘amination ean be considered complete with- 
it its use.!’ The only doubt as to the relia- 
ility of this method of diagnosis in the Bantu 
aces has been cast by Grusin,? who described 
‘acings, abnormal by accepted standards, in 
irge numbers of sick and healthy individuals 
' this race. He considered that these changes 
imicked those found in myocardial infare- 
ion, acute cor pulmonale, acute pericarditis, 
ud left ventricular hypertrophy; these 
changes were found in 22 per cent of healthy 
urses, in 63 per cent of consecutive nonear- 
diae medical admissions, and in 63 per cent 


| 


of conseeutive eardiae admissions. He con- 
dered these changes to be functional in ori- 
rin and suggested that they were due to a 
‘rsistence of the juvenile pattern or to some 
‘eect of malnutrition. Whatever the cause of 
ese abnormalities, their occurrence on such 
large seale, if correct, must lead to distrust 
the electrocardiogram as a diagnostic tool 
this race and, in view of the current interest 
the supposed freedom of the Bantu from 
« ronary disease, would confuse the position 
‘n more. 
We are unable to accept Grusin’s findings 
il are satisfied that the electrocardiogram is 
valuable diagnostic aid in Bantu heart dis- 
se. In support of this statement we produce 
this paper evidence of its reliability, but 
fore describing our results we wish to com- 
ent on Grusin’s findings, which he classi- 
‘d into the 3 following ‘patterns. 


From Edendale Hospital, Pietermaritzburg, Natal, 
uth Afriea. 


Pattern 1. Deeply inverted T waves, usu- 
ally, but not always, confined to the right pre- 
cordial leads with depression of J and an up- 
wardly bowed S-T segment, the T wave ending 
in a hump before settling to the isoelectric 
line. This pattern occurred in 14 per cent of 
healthy nurses, 34.1 per cent of cardiac eases, 
and 53.9 per cent of noneardiae medical ad- 
missions. 

Pattern 2. Elevation of the S-T segment 
and a tall bold T wave with a slowly rising 
ascending limb and a sharply falling distal 
limb ending in a U wave. These features were 
almost invariably confined to the left precor- 
dial leads. This pattern occurred in 4 per 
cent of healthy nurses, 29.3 per cent of car- 
liae patients, and 25.2 per-cent of noneardiae 
patients. 

Pattern 3. 
from the loss of the normal coneavity of the 
S-T segment with rounding of the peak of the 
T wave to complete flattening of this wave. 


This covered the wide range 


No details were given as to the leads in which 
these changes were found. This pattern oe- 
curred in 4 per cent of healthy nurses, none 
of cardiac cases, and 4 per cent of noneardiae 
patients. 

These patterns thus embrace most changes 
in the precordial end deflection, ranging from 
tall, upright T waves with elevated S-T seg- 
ments, through flattening of the T wave, to 
inverted T waves with depressed S-T seg- 
ments, or raised S-T segments. This last ob- 
servation was not commented upon by Grusin 
but is shown in his illustrations. 

Of the 250 subjects studied by Grusin, only 
50 were in good health; the remainder con- 
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Age Grouping of Cardiac Patients 


Rheumatic 
Syphilitic 
Hypertensive 
Pulmonary 
Congenital 
Infarction 
Pericarditis 





5—14 
15—24 
25—34 
35—44 
45—54 
55—64 
65+ 





Totals 30 
Proved* 5 





*Autopsy or operation. 


sisted of 159 consecutive noneardiae medical 
admissions and 41 consecutive cardiae admis- 
sions. Abnormal electrocardiograms were al- 
most 3 times more commonly seen in both 
groups of patients than in the healthy con- 
trols. It seems unwise to assume that these 
changes in the T wave and S-T segments can 
be ascribed to functional causes when so many 


other important factors may have been pres- 


ent in the patients. It would not appear un- 
reasonable that a considerable proportion of 
consecutive medical admissions would be com- 
plicated by factors such as electrolyte imbal- 
ance, infections, or metabolic disorders, all 
of which may cause alterations in the ST-T 
complex.*: + This would indeed appear to be 
the case as, of the 11 examples illustrated, no 
fewer than 9 patients were suffering from in- 
fections that included typhoid fever, pneumo- 
nia, acute bronchitis, and pleural effusion. In 
some of these, myocarditis would seem diffi- 
cult to exclude. 

In the group of 41 cardiac patients, it ap- 
pears impossible to accept that electrocardio- 
graphic patterns resembling those found in 
heart disease can be ascribed to functional 
rather than organic causes in the absence of 
autopsy proof or details of the nature of the 
cardiac lesions known to be present. 

It would seem that only in the control 
group could these changes properly be as- 
eribed to functional causes, but here lack of 
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full information on the extent of the T-wav« 
inversions leaves doubt as to the significane: 
of these changes. There is clearly a great 
difference in importance between T-wave in 
version in the right precordial leads, and in 
version of the T in the left precordial leads 
In the case of the former, inversion of the ‘I 
as far across as V4 may be normal when ac 
companied by an rS, or RS, pattern. Suc! 
a persistence of the juvenile pattern is foun 
in other races, such as the American Negro, 
and in the Puerto Ricans,® and is accepted no 
to be organic. 

Pattern 2 is admittedly similar to tha 
found in the early stages of acute pericarditis 
but in the control group serial studies did no 
show the subsequent changes found in thi 
disease, and differentiation could thus hav 
been made without great difficulty. 

Pattern 3 covers such a wide range of T 
wave changes that the finding of only 2 in 
stances of this variegated pattern in the con 
trol group appears scarcely to justify it: 
inclusion as a special pattern. 

As part of our larger study of heart dis 
ease in the Bantu it was necessary to clarify 
the value of the electrocardiogram in these 
people, and an investigation was carried out 
of the tracings in health and heart disease. 


METHODS AND MATERIAL 


Control Group. Fifty healthy female nurses be 
tween 21 and 38 years of age, and 50 healthy male 
nurses and orderlies, of ages between 19 and 36, 
were used as controls. In addition to physical, 
radiologic, and electrocardiographie examination 
various blood investigations were carried out. 
These included estimation of the serum electrolytes, 
liver function tests, complete blood counts, and 
the Wassermann reaction. 

Cardiac Group. The electrocardiograms of 16!) 
cardiac patients were studied. No cases were in 
cluded in which the clinical diagnosis appeared t 
be doubtful and in 18 instances postmortem o 
operative proof was obtained. Cases with th 
possibility of more than 1 etiologic factor wer 
excluded, e.g., hypertension complicating pulmo 
nary heart disease, and in view of the possibilit: 
of complicating ischemia from involvement of th 
coronary arteries or their ostia by atherosclerosi 
or syphilis, no ease giving a history of exertiona 
precordial pain was included. With 4 exception 
added to bring the numbers up to 100 eases, al 
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Electrocardiographic changes 


rmal 

> 0.11 sec. 

> 2.5 mm. tall 
rtial heart block 

rial fibrillation 

ght ventricular hypertrophy 

layed right ventricular conduction 
ght bundle-branch block 

ft ventricular hypertrophy 

complete left ventricular hypertrophy 
ft bundle-branch block 

at TS in left precordial leads 

gh voltage 

minishing R across chest 
rusin’s pattern 2 


Totals 


M.S. = Mitral stenosis. M.I. = Mitral incompetence. A.I. = Aortie incompetence. 


these patients were admitted during a period of 
(; consecutive months. Eighty-five per cent of 
these patients came from the rural areas served 
by this hospital, the remainder being from the 
urban areas in and around the city of Pietermaritz- 
hurg. 

We have used in this paper the accepted normal 
standards as laid down by Goldberger* and Myers,‘ 
hut it is realized that in the measurements of the 
minute fractions of time and distance a certain 
amount of “observer error” must creep in, par- 
ticularly in estimation of the duration of the QRS 
and Q-T intervals. 


RESULTS 
Control Group 

On the whole, the tracings were normal by 
cepted standards; the 5 per cent showing 
viations are discussed below. Excepting 
ius arrhythmia no abnormalities of rhythm 
‘re found. The duration of the QRS tended 
be short, ranging from 0.04 to 0.08 second 
ith an average in both sexes of 0.06 second. 
ie Q-T interval averaged in males 39.7 see- 
ds and in females 38.8 seconds, figures not 
ilike those obtained in other races. 

Abnormalities in Control Group. Partial 
art block was seen in 1 male, the P-R inter- 
il being 0.28 second. It seems probable that 
me undiagnosed pathology was present, but 


Pul- Hyper- 
Syphilitic monary’ tensive’ genital 


A.I. 


° 


2 9 12 


he left our service before further investiga- 
tions could be carried out. 

The precordial T wave was inverted as far 
across as Vg in 1 female. In an additional 
female and in 1 male, the T wave was inverted 
in leads V; and Vs. AnrS or RS pattern ae- 
companied all these T-wave inversions. The 
electrocardiograms were repeated at a later 
date and leads were taken in addition to the 
V leads. It was found that all the leads 
showed upright T waves with the exception 
of 1 in the female who showed inversion of 
the T wave as far across as V3. 

Grusin’s pattern 2 was seen in 2 males in 
leads Vy and V; only; the pattern persisted 
unchanged for more than 6 months. 

Cardiac Group 

The causes of the heart diseases under study 
have been given in table 1. Table 2 shows the 
electrocardiographic changes found in diseases 
where the lesions caused hypertrophy of 1 or 
more chambers of the heart, while table 3 
gives the findings in cases where the heart 
muscle was damaged either by ischemia or by 
infarction. 

Changes due to Hypertrophy. With the 
few exceptions mentioned below, the findings 
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TABLE 3.—Electrocardiographic Abnormalities of 
Damage to Heart Muscle by Ischemia or Infarction 


Myo- Total 
Peri- cardial abnor- 
carditis infarct malities 


Normal 0 
Low voltage 

Depression of S-T segments 

Elevation of S-T segments 

Inverted precordial T waves 

Flat precordial T waves 

Biphasic precordial T waves 

Abnormal Q waves 

Left bundle-branch block 

Diminishing R across precordium 0 


Total cases 10 
in table 2 resemble closely those that would be 
expected in similar circumstances in any other 
race. 

1. Right ventricular hypertrophy associated 
with aortic incompetence. This may have been 
due to failure to detect an additional mitral 
stenosis, as this tracing was obtained from a 
female aged 36 years in whom a rheumatic 
etiology was suspected. 

2. Diminishing R waves across the chest. 
This occurred in the following: (a) A man 
aged 26 who suffered repeated attacks of con- 
gestive failure following mitral valvotomy. 
Embolism of a coronary artery seemed the 
likely cause (fig. 1). (b) A woman aged 27 
who had sustained a syphilitic cerebral throm- 
bosis, and later developed aortic incompetence. 

ec) A woman aged 20 with a huge heart 
caused by mitral incompetence. Microscopy 
showed only hypertrophy of the muscle fibers. 
While the r wave failed to increase, no Q 
wave was present. 

3. Grusin’s pattern 2 occurred in 1 male 
suffering from mitral stenosis. Serial changes 
revealed no change suggestive of pericarditis. 

Changes due to Myocardial Damage. Peri- 
carditis. Pericardial effusion, thought to be 
tuberculous, was found in 7 eases. Occlusive 
pericarditis, proved to be tuberculous, was 
present in the other 3 eases. 

Myocardial Infarction. The youngest pa- 
tient was aged 22 years. He had an anterior 
infarct near the interventricular septum, and 
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the electrocardiogram showed left bundle 
branch block without an abnormal Q wave. 

Diminishing R wave across the chest. This 
feature was found in a man aged 44 who wa: 
admitted in acute cardiae failure with no his 
tory of precordial pain. During a very storm; 
illness lasting 2 months electrocardiogran 
showed transient elevations of the S-T seg 
ment and persistent diminution of the R wav 
across the precordium as far as between V 
and V;, where a small localized Q wave wa 
found. V; showed an RS pattern, the q] 
pattern not starting until Vs. He recovere: 
but was readmitted 4 months later and die 
before a history or an electrocardiogram coul 
be obtained. Autopsy revealed an old poster: 
lateral infaret affecting the epicardial tw: 
thirds of the muscle and several areas of fibro 
sis about the size of a matchhead in the ant 
rior wall of the left ventricle. At no time di 
lead aVy show changes suggestive of infarc 
tion (fig. 2). 

The other 2 infarets occurred in men aged 
31 and 44 years respectively. In one ease a 
large infaret near the apex was associate: 
with a left bundle-branch block; in the othe 
a large anterior infarct of the left ventricl 
was associated with classical electrocardio 
graphic changes. 


DIscUSSION 

From our study of the electrocardiogran 
of the healthy, normal Bantu it appears that 
with few exceptions, the patterns do not diffe: 
to any significant extent from those in other 
races. We agree with Grusin that in healt! 
the patterns he described are probably due t: 
functional causes and are of no significanc 

In our admittedly small series of 100 case 
of cardiac disease few differences from th 
disease pattern in other races were found 
and these, it would seem, could be accounte: 
for by misdiagnosis rather than by any racia 
trait, the error lying more likely with the ol 
server than with the electrocardiogram. 

Certain observations may be made on th 
low incidence of Grusin’s patterns among th 
croup of cardiac cases. It is not uncommon ti 
find, among the Bantu, cases of ‘‘failed hyper 
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Fig. 1 Top. Diminishing R waves across the precordium. 


Fig. 2 Bottom. Diminishing R waves from V, to V4. 


asion,’’ i.e., cardiac patients with normal 
lood pressures in whom previous histories re- 
eal that they had previously been treated 
1 hypertensive cardiac failure. Also, in 
ie postmortem room we commonly come upon 
rmotensive cases of cardiac failure in whom 
iere is evidence of left ventricular hyper- 
‘ophy associated with renal changes com- 
atible with the presence of hypertension. In 
ie series of 31 cases of hypertensive cardiac 
‘ilure presented in this paper, 4 cases, now 
yrmotensive, were found from previous rec- 
rds to have had hypertension in the past. In 
of these the electrocardiogram showed left 
ntricular hypertrophy. This phenomenon 
known to oceur in other races, but fre- 
uently the diastolic pressure remains above 


the limits of normal.* In the Bantu the fall 
is often greater and to well within the ac- 
cepted limits of normal; in the absence of pre- 
vious records diagnosis becomes difficult. It 
is conceivable that this factor may have in- 
fluenced some of Grusin’s tracings. 


CONCLUSIONS 
It would appear that there is no reason for 
the assumption that the electrocardiogram of 
the South African Bantu differs in any im- 
portant respect from that obtained in other 
races. It would follow that when patterns 
suggesting specific types of heart disease are 
found, they must be given the same considera- 
tion as would be given were the changes found 

in individuals of other races. 





SUMMARY 

The electrocardiograms of 100 healthy 
Bantu adults of both sexes and the electro- 
cardiograms of 100 Bantu suffering from 
heart disease have been studied. 


It is ¢on- 
cluded that neither in health nor in disease do 
the electrocardiograms differ significantly 


from those obtained in similar cireumstanees 
from other racial groups. 
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SUMMARIO IN INTERLINGUA 
Esseva studiate le electrocardiogrammas de 
100 normal bantus adulte de ambe sexos e de 
100 bantus con morbos cardiac. Le conelu- 
sion es que le electrocardiogramma del bantu 
—tanto in stato de bon sanitate como etiam 
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sub conditiones pathologic—non differe signifi- 
cativemente ab le electrocardiogramma de al- 
tere gruppos racial sub simile circumstantias. 
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Determinants of the Left Atrial Pressure Pulse 
in Mitral Valve Disease 


By New A. J. Hamer, M.B., M.R.C.P., Susoy B. Roy, M.B., M.R.C.P., 
AND JAMES W. Dow, M.D. 


The difficulties of preoperative evaluation of patients with combinations of mitral stenosis 
and incompetence prompted analysis of the left atrial pressure pulse in a series of 
Theoretic considerations indicate that similar 
pressure pulses may be produced by a variety of mitral valve lesions if the volume- 


patients studied by left atrial puncture. 


pressure characteristics of the left atrium are appropriate. 


An explanation is offered 


for the differences found in the presence of mitral regurgitation. 


, TNCOMPLICATED mitral stenosis and 
{J mitral incompetence are easily distin- 
-uished clinically and produce characteristic 
anges in the left atrial pressure pulse. Pa- 
‘ients with a combination of stenosis and in- 
competence are more difficult to evaluate. The 
iitral diastolic pressure gradient and the car- 
diae output ean be obtained by current tech- 
nies, but for complete assessment in the pres- 
ence of mitral incompetence an estimate of 
regurgitant flow is necessary. This has been 
attempted by indicator-dilution methods,'* 
rapid biplane angiocardiography,® and ultra- 
sonie echo technies.® None of these approaches 
is free from practical or theoretic objection. 
Several attempts have been made to evalu- 
ate mitral valve disease from the left atrial 
pressure pulse, or from the similar pressure 
pulse obtained when a catheter is wedged in 
a peripheral pulmonary artery. Methods 
hised on the height of the v wave*?° have 
b-en found less useful than indices derived 
fom the y descent." !* Several workers have 
« neluded that the left atrial pressure pulse 
i of little value in establishing the presence of 
1 itral inecompetence.!*** To clarify the fac- 
t rs responsible for variations in the left atrial 
essure pulse, a small series of patients with 
itral valve disease has been reviewed. 
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METHODS 


Patients with mitral stenosis were studied when 
clinical evaluation was difficult because of asso- 
ciated mitral incompetence, aortic valve disease (5 
cases), previous valvotomy (1 case), or doubt as 
to the severity of the lesion. Estimates of the 
size of the mitral valve orifice and the regurgitant 
flow were obtained at operation in all subjects. 
In 4 eases autopsy details were also available. 
Adequate data were available in 15 patients 
(table 1). 

Left atrial puncture was made by the posterior 
route as described previously.18 Left ventricular 
pressures were recorded in all but 4 cases. Right 
heart catheterization was carried out to determine 
the cardiac output. Pressures were recorded with 
Statham P23Db strain-gage manometers, with use 
of Sanborn direct-writing equipment at a paper 
speed of 50 mm. per second. The base line for 
all pressure measurements was the middle of the 
chest at the level of the second costal cartilage 
with the patient recumbent.19 Measurements were 
made in records selected for adequate frequency 
response. In atrial fibrillation 10 cardiae cycles 
were measured and in sinus rhythm 5 were meas- 
ured, and the mean value was taken. The Ry/v 
ratio was calculated with pressures adjusted to a 
base line at the level of the sternal angle as used 
by Owen and Wood.!! 

Phasie gradients were obtained by replotting 
pressures at 0.05 second intervals on the same 
seale, the electrocardiogram being used as a con- 
trol when simultaneous records were not available. 
The mitral valve area equivalent was calculated 
with use of the standard orifice formula.2® In 

atients with no left ventricular pressure record 
a mean diastolic pressure of 5 mm. Hg was 
assumed. Left atrial enlargement was estimated 
from standard radiographs and fluoroscopy, and 
was graded from 1 to 4. 


Circulation, Volume XIX, February 1959 





HAMER, ROY, DOV 


TABLE 1.—Hemodynamic Data and Valve Areas in Fifteen Patients with Mitral Stenosis 
and Incompetence 


Cardiac index 
Rhythm (L./M.*/min.) 


Patient Sex 


Mitral stenosis 
P.C, 
T.E. 
D.H. 
L.H. 
S.H. 
W.H. 
E.O. 
J.Q. 
H.R. 
M.S. 


Mean 


Mitral incompetence 
E.D. F 
M.G. F 
D.L. M 
E.M. F 
at F 


Mean 


Hypothetical diagrams of phasie flow changes 
were constructed from a series of characteristic 
pressure curves with a cycle length of 0.6 second, 
a diastolic filling time of 0.33 second, and a mean 
mitral diastolic gradient of 16 mm. Hg. A stroke 
volume index of 30 ml. was assumed, giving a 
mitral valve area index of 0.7 em.2 


RESULTS 


The 15 patients were divided into 2 groups. 
In 10 patients mitral incompetence was either 
absent or insignificant. The remaining 5 pa- 
tients had considerable narrowing of the 
mitral valve, but gross regurgitant jets were 
felt by the surgeon. The incidence of atrial 
fibrillation was similar in each group, but the 
left atrium tended to be larger in patients 
with mitral incompetence. The observed and 


Mean 
mitral Calculated 
diastolic mitral Left atri: 
gradient valve Valve Regurgitation size 
(mm. Hg) area (cm.*) area (cm.?) (0 to 4) (1 to 4) 


Operation findings 


calculated mitral valve areas were similar in 
the stenotic group (table 1). 

The y descent of the left atrial pressure 
pulse was analyzed by 3 methods. When tlie 
rate of the y descent was related to the heig!it 
of the v wave (Ry/v),' there was no clea’- 
cut separation of the stenotic and incom} 
tent groups, though a trend to higher valu 
was evident in the presence of regurgitatic 
Similar results were obtained when the me 
left atrial pressure was taken as a referen 
level (Ry/LAP).!* Use of the first 0.1 sé 
ond of the y descent (Ry®!/LAP)!* show 
some advantage in that 2 patients (E.D. ai 
M.G.)in the incompetent group were clea 
distinguished (fig. 1). These were the on 
patients in which the left atrial and ventric 





JETERMINANTS OF THE LEFT ATRIAL PRESSURE PULSE 


@ Stenotic Cases O/ncompetent Cases 


° ° 


MITRAL VALVE AREA (cm®) 


MITRAL STENOSIS MITRAL INSUFFICIENCY 


Acceleration 
Factor 


Viscous Friction 
Factor 


a tas 


Distension Factor 


Summoted Effect 
of the 3 Factors 


Fic. 1 Left. Ratio of rate of the y descent to level of left atrial pressure by 3 different 


methods in 15 patients with mitral valve disease. 


Fig. 2 Right. Diagrammatic representation of left atrial pressure pulse in mitral valve 


disease. 


Modification of Peterson’s analysis?! of pressure response to injection of a test 


volume into an isolated segment of the vascular system. The summated effect of the 3 factors 


resembles the left atrial pressure pulse in mitral disease with atrial fibrillation. 


Viscous 


friction is shown to vary with rate of flow into left atrium. Larger acceleration and viscous 
friction components may be responsible for a distinctive pressure pulse when mitral stenosis 


is complicated by insufficiency. 


| r pressures became identical at the end of 
(astole. 
Discussion 
The Mechanism Producing Pressure 
( hanges in the Left Atrium. Peterson stud- 
1 the parameters determining the pressure 
sponse to pulsatile blood flow in large ar- 
ries and veins. He concluded that 3 factors 
‘re involved: acceleration, viscous friction, 
id distensibility. The introduction of a test 
lume into an isolated segment of the vascu- 
r system produces a brief pressure transient 
ie to the acceleration factor and the devel- 
ment of viscous friction. Sustained flow is 


associated with a constant pressure due to vis- 
cous friction. If distention occurs, there is 
an additional pressure rise related to the 
physical characteristics of the system. 
factors are illustrated in figure 2. 

The similarity of the patterns derived from 
Peterson’s study?! and the left atrial pres- 
sure pulse in patients with mitral valve dis- 
ease and atrial fibrillation (fig. 3) suggested 
the application of these considerations to the 
analysis of the left atrial pressure pulse. 

In mitral valve disease distention of the 
left atrium is a continuing factor, and the 
distensibility of the left atrial wall is a major 


These 
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Fic. 3 Top. Left atrial pressure pulse in 11 patients 
with mitral valve disease. Comparison of the theoreti- 
eal diagram, after Peterson,2! and the left atrial 
pressure pulse in 11 patients with mitral valve disease 
and atrial fibrillation. 

Fic. 4 Bottom. Atrial pressure pulse expressed as 
travel along atriovenous volume pressure curve. Left 
atrial volume-pressure curve in 2 patients, one with 
mitral stenosis and a small atrium, the other with 
mitral regurgitation and a giant atrium. Cyelie vol- 
ume gain and loss is greater in patient with regurgi- 
tation, but range of pressure change is similar to the 
stenotic ease as the volume-pressure curve rises less 
steeply. 


THE GONGESTED LUNG THE MITRAL VALVE 
AS A PHYSIOLOGICAL FLOW METER AS A PHYSIOLOGICAL FLOW METER 


Screen Orifice 
Flow Meter 
——> cae a <a 


Mitral 
Flow Meter 


- 
> 


— PV 


AT CONSTANT RES!ISTANCE, FLOW VARIES 
LINEARLY WITH PRESSURE Ge. 4uic..f 


TURBULENT FLOW VARIES LINEARLY WITH 
THE SQUARE ROOT OF PRESSURE GRADIENT 


Fic. 5. Pulmonary vascular bed may be regarded 
as a sereen flowmeter, flow varying linearly with pres- 
sure gradient. The mitral valve acts as an orifice 
flowmeter, flow varying with square root of gradient. 
Phasie flow changes may be estimated from variations 
in gradient. 
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Fig. 6. Phasie pressure gradient and flow rate acros 
pulmonary vascular bed in hypothetical example o! 
mitral valve disease with atrial fibrillation. Assumin 
i. stroke volume index of 30 ml., the mean flow rat 
is 50 ml./see. Flow is linearly related to pressur 
gradient and is maximal in early systole. 


determinant of the pressure pulse. The re 
lation of volume to pressure is not constant 
but pressure changes are greater for a give) 
volume change as the pressure rises. This i 
expressed as the volume-pressure curve (fig 
4), and variations in pressure with eyeli 
changes in volume may be regarded as mov 
ment along this curve. 

Additional pulses are superimposed on thi 
basic pattern. These include acceleratio 
transients and viscous friction effects as di 
scribed by Peterson,*! and changes due 1 
atrial systole and diastole. The subseque! 
discussion is confined to the passive fibrilla 
ing atrium. 

The Left Atrial Pressure Pulse as Mov 
ment Along a Volume-Pressure Curve. Th 
mitral valve and the pulmonary vascular be 
may be regarded as physiologic flowmeters 0 
the orifice and the screen types (fig. 5). Phasi 
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Fic. 7 Left. Phasie pressure gradient and flow across incompetent mitral valve in systole 
in hypothetical example. Assuming a regurgitant flow index of 25 ml. per beat, the mean 
flow rate is 82 ml./see. Flow is proportional to square root of gradient and is maximal in 


early systole. 


Vig. 8 Right. Phasie pressure gradient and flow rate across stenotic mitral valve in diastole 
in hypothetical example. Assuming a stroke volume index of 30 ml., the mean flow rate is 
90 ml./see. Flow is proportional to square root of gradient and is maximal immediately 


after valve opens. 


ianges in the pressure gradients are related 
» the variations in flow. At the mitral ori- 
‘e, flow is turbulent and varies with the 
juare root of the gradient. There is good 
idence that the congested pulmonary vas- 
ilature behaves as a constant resistance,” 
id flow across the lungs is therefore related 
rectly to the pressure gradient. The sig- 
ificance of the phase difference between flow 
id pressure*® is difficult to evaluate and will 
it be considered here. 

Hypothetie diagrams have been constructed 
) show the relationship between pressure gra- 
ient and flow across the pulmonary vascular 
‘d (fig. 6) and through the mitral orifice in 
vstole (fig. 7) and diastole (fig. 8) in mitral 


valve disease with atrial fibrillation. Flow 
into the left atrium from the lungs and 
through an incompetent mitral valve have 
similar time relations, reaching a peak in 
early systole and being curtailed in late sys- 
tole by the rise in left atrial pressure. As 
rapid filling occurs on the lower, flatter part 
of the volume-pressure curve, a steady rise in 
left atrial pressure throughout systole results. 
When mitral incompetence complicates mitral 
stenosis, the magnitude but not the timing of 
the volume changes is affected (fig. 9). 

The viscoelastic properties of the left 
atrium are important determinants of the 
pressure pulse.” ®& 11) 2425 The absence of any 
correlation between left atrial volume and 
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lic. 9. Summated effects of phasie flow into and 
out of fibrillating left atrium in mitral stenosis and 
in stenosis with regurgitation. The same values for 
stroke volume index (30 ml.) and regurgitant flow 
(25 ml.) are used as in the previous figures. Half 
the pulmonary venous flow (15 ml.) occurs when 
mitral valve is closed. During systole, flow into left 
utrium from lungs and flow through incompetent 
Therefore 
when regurgitation complicates mitral stenosis, only 
the magnitude of phasic volume changes is affected. 


mitral valve have similar time relations. 


Both situations are compatible with the same series 
of pressure curves if physical properties of left atrium 
are appropriate, the calculated mitral valve area index 
being 0.7 em." in isolated stenosis and 1.3 em.2 when 
a combination of stenosis and ineompetence is 
assumed. 


pressure*®** is evidence that the physical 


properties of the chamber vary from case to 
ease. As the phasic volume change does not 
differ in timing in mitral stenosis and in com- 
bined stenosis and incompetence, a more dis- 
tensible left atrium in the presence of regur- 
gitation would result in a similar pressure 
pulse in the 2 situations. The tendency of 
the left atrium to be larger in mitral incompe- 
tence has a similar effect. 


Loses 40cc. 


HAMER, ROY, DOW 
When the left atrial pressure pulse is con- 
sidered as movement along a volume-pressure 
curve, it is apparent that a similar appearance 
is to be expected in pure mitral stenosis and 
in mitral stenosis with incompetence. 
Acceleration Transients and Viscous Fric 
tion Effects. 
dent when there is a sudden change in th 
direction of blood flow. At the onset of ven 
tricular systole the e wave 


Acceleration transients are evi 


appears to inter 
rupt the steady rise in left atrial pressure. | 
probably represents an acceleration transien 
due to the abrupt check or reversal of flov 
through the mitral valve. At the peak of th 
v wave, the rapid outffow from the atriun 
when the mitral valve opens is associated wit] 
a corresponding negative effect that accentu 
ates the initial phase of the y descent, an 
may produce a notch between this phase an 
the later, more gradual fall in left atrial pres 
sure. In the presence of mitral incompetence 
the volume changes are greater, and these ef 
(fig. 2). 

Viscous friction produces a rise in pressur 
that is related to the velocity of flow.*! Th 
velocity of systolic flow into the left atrium 
is greater in mitral incompetence than in iso 


fects are accentuated 


lated mitral stenosis. The viscous friction 
effect is therefore larger and will tend to make 
the ascending limb of the v wave more promi 
nent (fig. 2) 
The factors 
atrial pressure pulse to deviate from the pat 


described will cause the lefi 


tern predicted on the basis of the volum 
pressure curve. The increased prominence 0! 
these effects in the presence of mitral regurg 
tation is probably responsible for the parti: 
success of the Ry/v ratio" and similar indic: 
in distinguishing these patients. 


SUMMARY 

The left atrial pressure pulse in atrial fibri 
lation is an expression of travel along a vo 
ume-pressure curve during cyclic volume gai 
and loss. 

Pressure changes due to acceleration trai 
sients and viscous friction effects are supe! 
imposed on this basic pattern. 
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An infinite number of combinations of ste- 
isis and insufficiency could account for any 
ressure pulse, assuming larger, more disten- 
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Proe. 16: 56, 1957. 
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K. P.: The diagnosis of mitral regurgitation 
by eardioangiography. Circulation 12: 777, 


ble atria with increasing regurgitation. 

No estimate of relative stenosis and insuf- 

‘iency can be expected from the form of the 

ressure pulse in any individual case without 

iowledge of the atrial volume-pressure curve. 

Larger acceleration transients and viscous 
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SUMMARIO IN INTERLINGUA 


Le pulso de pression sinistro-atrial in fibril- 
ition atrial es un expression de movimento 
“quente le curva de volumine e pression in le 

curso de un cyclo de ganio e perdita de volu- 
mine, 

Alterationes del pression resultante de tran- 
sientes de acceleration e de effectos de friction 
viscose es superimponite a iste configuration 
indamental. : 

(mn numero infinite de combinationes de 
stenosis e insufficientia esserea capace a expli- 
car omne pulso de pression. In isto nos sup- 
pone que plus grande e plus distensibile atrios 
occurre con augmentos del regurgitation. 

Nulle estimation del relative stenosis e in- 
sufficientia pote esser basate super le forma 
del pulso de pression in le caso individual in 
l. absentia de informationes concernente le 
curva de volumine e pression atrial. 

Plus grande transientes de acceleration e 

‘ectos de friction viscose explica possibile- 


‘te le suecesso partial effectuate per le 
‘thodo a proportion de Ry/v e altere metho- 
s i nestablir le distinction de incompetentia 
tral in le presentia de stenosis. 
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Seven persons without evident heart disease who were having a cholecystectomy were 
studied during various electroencephalographie levels of cyclopropane anesthesia. Cardiac 
index (by the Evans blue dilution method) and pulse rate decreased as the anesthesia 
deepened. Concomitantly, peripheral arterial resistance, radial arterial pressure, and 
superior vena caval pressure increased. Stroke volume decreased only during deep 
anesthesia and the central blood volume did not change significantly. These hemodynamic 
changes were considered possibly to be due to myocardial depression by cyclopropane 
or to an associated increase in circulating epenephrine-like substances; and, as the 
anesthesia was lightened, the cireulatorv alterations returned rapidly toward control 
levels. 
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Serum Parameters as Discriminators between 
Normal and Coronary Groups 


By Bernarp S. ScHLEssINGER, PH.D., Freprick H. Witson, Jr., B.S., 
LAWRENCE J. Miucu, PH.D., AND THE CARDIOVASCULAR RESEARCH GROUP 


Evaluation was undertaken of several measurements in discriminating between a group 
of clinically normal persons and a group of persons with definite atherosclerosis mani- 


fested by clinical myocardial infarctions. 


Various S, lipoprotein classes, the serum 


cholesterol, the beta lipoprotein cholesterol, the lipid phosphorus, and the “atherogenic 
index” were included in the study. The results are presented and their significance is 


discussed. 


N THE past 10 years, several biochemical 
i and biophysical tests have been suggested 
s possible indicators of atherosclerosis and 
‘redictors of clinical complications of this 
iisease.-® In 1950, the National Advisory 
'feart Council initiated a cooperative study 
involving 4 laboratories to evaluate 2 of these 
neasurements as predictors of clinical com- 
plications of atherosclerosis. Serum choles- 
erol and lipoprotein measurements in a pop- 
ulation (15,000) of clinically healthy men 
aged 40 to 59 were made among the labora- 
lories, and the data were analyzed after a 
ufficient number of cases of coronary disease 
had oceurred. 

The results of the cooperative study were 
ublished in 1956.7 During the 6 year period, 
ie Donner Laboratory had changed the 
tiethods of serum lipoprotein measurements 
‘» inelude additional lipoprotein classes? and 
» correct for the effects of concentration on 

‘tation rates... These changes, as well as a 

spute over the definition of ‘‘new clinical 

ents,’’ resulted in a division of opinion as 
definitive results... The Donner group 
med that the measurement of serum lipo- 

‘oteins (with the refinements added in 1952) 
as a superior predictor of clinical complica- 

ms of atherosclerosis, while the Cleveland, 
arvard, and Pittsburgh groups stated that 
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the cholesterol measurement was ‘‘at least as 
useful’’ as the lipoprotein determination. 

This paper reports a preliminary study de- 
signed to evaluate the effectiveness of several 
serum measurements in discriminating be- 
tween a group of clinically normal persons 
and one of persons with manifest atheroscle- 
rosis (clinical myocardial infarctions). 


METHODS 


For this study, blood sera from a group of 24 
male patients with myocardial infarction (MI) at 
Brooke Army Hospital, Fort Sam Houston, Texas, 
were utilized. The age distribution of this diseased 
group was determined and used as the criterion 
for selecting a comparable group of presumably 
normal individuals. This latter group (N) con- 
sisted of the 59 men between the ages of 30 and 
66 taken from the total of 207 on whom satisfactory 
samples were received for routine analysis during 
the period from September 1, 1957 to January 15, 
1958, and whose histories failed to indicate disease. 
Of the 59 normal men, 26 were persons in Penta- 
gon executive positions, and 33 were members of 
the professional staff at the School of Aviation 
Medicine, USAF. The average age of the N group 
was 45 compared to an average age of 46 for the 
total (N + MI) population. 

Each serum sample was analyzed ultracentrifu- 
gally for the concentration of S} 0-12, S} 12-20, 
and §¢ 20-400 lipoprotein classes by methods de- 
seribed elsewhere.9-1! The standard Gofman athero- 
genic index was calculated for each sample. Cho- 
lesterol was measured by a modification of the 
Bloor method!? and lipid phosphorus by a modified 
Fiske-Subbarow technic.!2 

The £-cholesterol concentration was determined 
by a total cholesterol measurement on the top 
fraction of serum isolated after 15 hours of cen- 
trifugation at 79,000 X g at a medium density of 
1.063 Gm./ml. Previous measurements of this 
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TABLE 1.—Serum Parameter Efficiency for Group 
Discrimination 





; | Test 
Variable Group | Mean | Sample} Standard | statistic 
| size deviation | (t or z) 
MI | 331.47 | 23 | 82.49* | 2.78t 
N | 280.85 | 59 5.78 
8 cholesterol MI | 219.84 | 24 46* | 2.268 
N | 183.32] 58 2.06 
Lipid P MI 11.821) 23 | : 446*| 2.468 


N | 10.463] 58 590 


Total cholesterol 


3 cholesterol 
seuaakeaaine eee MI 65.: 2: 69* 


Total cholesterol N 64.8: 58 | 32 


S}; 0-400 } 24.25] : 222. 50t 
: 45 
Sy 0-12 } 98 | : ” 
g 
S* 12-20 } 7 m1 37.1" 


2.0 





S, 20-400 


Atherogenic index 





Cholesterol MI | 27.98 | 23 3.42 
Lipid P N | 26.93] 58 2.88 











* MI standard deviation significantly different from the normal 
standard deviation at the .01 level. 
+ MI standard deviation significantly different from the normal 
standard deviation at the .05 level. 
{ MI mean significantly different from the normal mean at the 
01 level. 
wn significantly different from the normal mean at the 
-05 level. 
MI mean significantly different from the normal mean at the 
-001 level. 


parameter have been accomplished by aleohol frae- 
tionation methods and paper electrophoresis. The 
value for percentage of total cholesterol borne by 
the B-lipoprotein fraction reported here (66 per 
cent) compares favorably with the values reported 
by persons using aleohol fractionation technies (66 
per cent by Oncley et al.,!°> 69 per cent by Barr et 
al.,!4 70 per cent by Pearsall and Chanutin1). 
Using paper electrophoresis, Nikkila!® reported a 
value of 64 per cent for #-cholesterol, while 
Durrum’s!* value, also with paper electrophoresis 
methods, was approximately 80 per cent. 


RESULTS AND DISCUSSION 


The data for the serum parameters are sum- 
marized in table 1. 

Each variable was considered separately. 
A test of homogeueity of variances was per- 


formed on the N and MI groups to see if thei: 
variances were essentially equal. If this tes 
indicated no significant difference, a t tes 
(which assumes equal group variances and 
normal distribution for each group) was use: 
to test for differences in mean values. If th 
homogeneity of variance procedure showed 
significant difference, a z test, assuming 
normal distribution for each group but mn 
equal group variances, was performed. Tl 
hypothesis tested on each variable was thi 
‘‘the means for the 2 groups were sampl 
from the same population.”’ 

The only parameters in table 1 for whic 
the differences of the means of the 2 grou) : 
are significant at the 0.001 level are Ss} 0-4 ) 
lipoprotein concentrations and the calculate | 
atherogenic index. No individual lipoprotei 
class concentration measured showed a signi - 
icant difference between the 2 groups at th» 
.001 level as did the sum of all the -lipopr 
tein concentrations, although the means of the 
N and MI groups for each separate class were 
significantly separated.* 

The data indicate a decrease with decreas- 
ing lipoprotein density (higher S} value) of 
the level of significance for differences in mean 
value between the 2 groups. In the Gofman 
atherogenic index, greater weighting is given 
to the lipoprotein moieties with higher S} val- 
ues. Also, S} 0-400 lipoprotein concentra- 
tion, with no weighting of any component 
class, is at the same level of significance as the 
atherogenic index. Both these factors indi- 
cate that a re-evaluation of the weighting fac- 
tors in the ealeulation of the atherogenic in- 
dex might lead to a more sensitive parameter. 

Total cholesterol discriminates between th: 
2 groups at a level of significance (0.01) less 
than either S{ 0-400 concentration or ather)- 
genic index (0.001), although cholesterol co 
centration is better than any of the oth 
lipid parameters. Since only the f-lipop! 
teins are included in the calculation of t 
atherogenic index, it would seem that a mee - 
surement of f-cholesterol might be mo 
effective than one of total cholesterol. Su: : 


*In the case of S¥ 20-400, the value for t is « 
the threshold of significance at the 0.05 level. 
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s not the case; B-cholesterol differentiates be- 
ween the 2 groups at the 0.05 level of signifi- 
ance. These data indicate that some impor- 
ance must be ascribed to the protein 
omponents of the lipoprotein moieties. 

More significant discrimination of the f- 
ipoprotein parameters between diseased ana 
ormal persons may be due to the nature of 
he lipid-protein bond or the relative concen- 
rations of the various constituents in the 
ipid-protein complex. These explanations do 
iot require that any single lipid variable 
\ifferentiate as well as the B-lipoproteins, but 
t would be expected that the lipid variables 
vould show some significant separation §be- 
ween groups. 

Neither the ratios of 8 to total cholesterol 
ior of total cholesterol to lipid phosphorus 
eem to discriminate the groups. The signifi- 
‘ance attached to the component parameters 
disappears when they are combined into a 
ratio. 

it must be emphasized that these data (as 
well as most of the literature on this subject) 
relate to the ability of a serum parameter to 
diseriminate between groups of MI and N sub- 
jects. The extrapolation of such data to the 
individual as a predictive measure is unwar- 
ranted except for calculation of the risk or of 
probability of disease in relation to other per- 
sons of the same age group. It may be, for 
ustanee, that the change in serum character- 
ties of the diseased patient, which well could 
‘count for the difference observed here, oc- 
irs after clinical manifestation of the dis- 
ise. Only a ‘‘ before and after”’’ clinical study 
‘n accomplish an evaluation of ‘‘ predictive’’ 
» opposed to ‘‘discriminatory’’ efficiency for 
iy set of variables. Until such a clinical 
udy is completed, any serum lipid or lipo- 
‘otein determination on an individual is only 
incidental interest. Such a study, of the 
‘est Point class of 1956,!* 1" is in progress 
this laboratory. 


SUMMARY 


Several serum parameters were evaluated 
discriminators between a normal (N) and 


a coronary disease (MI) group. The best dis- 
criminating parameters were 8s} 0-400 lipo- 
protein concentrations and the calculated 
atherogenic index. The means of the N and 
MI groups for each lipoprotein class were sig- 
nificantly separated. Total cholesterol was a 
less effective discriminatur than total B-lipo- 
protein concentration or atherogenic index, 
but more effective than 8-cholesterol or lipid 
phosphorus. 

The data indicate that (a) some importance 
must be ascribed to the protein components of 
the lipoprotein moieties, and (b) a re-evalua- 
tion of the weighting factors in the calculated 
atherogenic index might lead to a more sensi- 
tive parameter. 
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SUMMARIO IN INTERLINGUA 


Plure parametros serologic esseva investi- 
gate con respecto a lor valor como ecriterios 
del differentiation de un gruppo de subjectos 
normal (N) ab un gruppo de subjectos con 
morbo coronari (MI) Le parametros le plus 
fidel pro ille differentiation esseva (1) le con- 
centrationes de lipoproteina S¢ 0-400 e (2) le 
caleulate indice atherogenic. Le valores me- 
die pro omne le classes de lipoproteina esseva 
significativemente differente in le duo grup- 
pos, i.e. le gruppo N e le gruppo MI. Le 
valor del cholesterol total esseva un minus 
efficace differentiator que le valor de lipopro- 
teina beta o le indice atherogenic. Del altere 
latere, illo esseva un plus efficace differentia- 
tor que le valor de cholesterol beta o le valor 
de phosphoro lipidic. 

Le datos indica (a) que un certe importan- 
tia debe esser ascribite al componentes pro- 
teinic in le subdivisiones de lipoproteina e (b) 
que un re-evalutation del factores de pondera- 
tion in le caleulation del indice atherogenic 
poterea resultar in le obtention de un para- 
metro de plus alte grados de sensibilitate. 
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Cardiac Chamber Volumes and their Significance in 
Rheumatic Heart Disease with Isolated Mitral Stenosis 


By Louis A. Soutorr, M.D., anp Jacop ZaTucHNI, M.D. 


The total capacity of the heart and the volume of each of its chambers were determined 
by the technic of simultaneous biplane stereoscopic venous angiocardiography in 18 
persons with surgically confirmed, isolated severe mitral stenosis. Although cardiac 
capacity and chamber volumes varied greatly, the left atrium was almost always the 
largest chamber. The left ventricle was not always the smallest chamber. In fact, it 
was larger than the right ventricle in 7 of the 18 and was the only chamber to be signifi- 
cantly correlated with total cardiac capacity greater than 1,000 ml. The right ventricular 
volume was found to be significantly correlated with its systolic pressure, or with the 


pulmonary artery systolic or mean pressures. 


Disproportionate enlargement of the right 


atrium can occur in the absence of tricuspid stenosis. Finally, atrial fibrillation was 
commonly present in patients with a large total cardiac capacity. 


OENTGENOLOGIC measurements of the 
heart should ideally provide information 
-oneerning the volume of its chambers and 
the thickness of its walls during various phases 
of the eardiae cycle. Such information is as 
vet not available. Nevertheless, all measure- 
ments, whether linear, planigraphic, or volu- 
metric, have meaning only insofar as they 
ipproximate this ideal information. Meas- 
urements of the heart on conventional roent- 
venograms are concerned with over-all size of 
he ceardiae silhouette. These measurements 
-ombined with the shape of the cardiac silhou- 
‘tte are used to judge size of the chambers and 
‘o a lesser extent thickness of its walls . Such 
leductions are not inherent in the roentgeno- 
‘rram itself but are based upon years of study 
y physicians who correlated roentgeno- 
raphie findings with anatomic specimens. 
‘here are, however, gross differences between 
he anatomic specimen and the cardiac silhou- 
tte. There are changes in position and in 
lasticity, but most important the anatomic 
pecimen is devoid of the intracardiac pres- 
ires that are so important in molding the 
1ape and size of the cardiae chambers. It is 
jually difficult to visualize the interlocking 
‘lationships of the chambers in the anatomic 
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specimen. It is for these reasons that precise 
knowledge of the size of the cardiac chambers 
is not obtainable from study of either the 
conventional roentgenogram or the anatomic 
specimen. For instance, we have previously 
demonstrated that esophageal displacement 
fails to define the degree of left atrial enlarge- 
ment, that the small aorta in mitral stenosis 
may be an illusion, and that the left atrium 
may be strikingly enlarged in diseases affect- 
ing predominantly the left ventricle.* This 
knowledge was obtained by angiocardiography, 
a technic that makes possible visualization of 
individual chambers and the thickness of their 
walls. 

We now propose to employ this technic to 
determine the volume of the cardiac chambers 
in rheumatic heart disease with isolated mi- 
tral stenosis. 


MATERIALS AND MetTHops 


Eighteen persons with inactive rheumatic heart 
disease and isolated mitral stenosis were studied 
preoperatively. The criteria for the diagnosis of 
isolated mitral stenosis have been described else- 
where.* Severe mitral stenosis was found in each 
person at surgery. Mitral regurgitation and other 
valvular lesions were not detected. There were 15 
females, 20 to 49 years old, and 3 males, 33 to 48 
years old. Ten had normal sinus rhythm and 8 
had atrial fibrillation. None had clinical evidence 
of cardiac failure when studied. Cardiac catheter- 
ization was done in 17 and revealed no evidence 
of a gradient across the tricuspid valve. 
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TABLE 1.—Volume of Each Cardiac Chamber in Persons with Rheumatic Heart Disease and 
Isolated Mitral Stenosis Arranged According to Total Cardiac Capacity 


Right Right 
atrium ventricle 


Systolic 


Subject Mitral orifice 


| Systolic 
to S' | pressure (mm.) 


W.D. 5 X 2 
oe 22 2 
M.D. 
F.K. 
E. 
E. 


mm. 


we 
o 


x 3 mm. 
Pencil 

Match-stick 
i 


Cigarette 


Ss. 
H. 


finger 


String-like 
oP. 


L.N. 
M.T. 
78. 


bands 
Tip 
8 X 3 mm. 


7X2 


mm, 
Markedly 
contracted 


Markedly 
contracted 


S.N. 
LA. 
M.I. 
J.C. 
T.J. 
L.D. 
E.M. 


LG. = g 7 


5 mm. 
4X 4mm. 
2 matches 
Tip 

< 1 em. 
Tip 


*Normal sinus rhythm. 
j Atrial fibrillation. 


Simultaneous biplane (posteroanterior and left 
lateral) stereoscopic venous angiocardiograms, at 
a tube-to-film distance of 100 em., were obtained 
every 0.7 second for at least 30 exposures. The 
duration of each exposure was 0.1 second. 

The maximal size of each of the cardiac chambers 
was obtained by determining its outermost limits 
on the sequential venous angiocardiograms and re- 
construction by tracing on onionskin paper. 

Area of each of the cardiac chambers in the 
frontal plane was determined by use of a com- 
pensating polar planimeter. Depth is the largest 
diameter of the chamber in the lateral projection, 
perpendicular to the frontal plane. Volume of 
each cardiac chamber is the product of the area 
in the frontal plane and the depth in the lateral 
plane. 

Other methods for determination of volume were 
also used. These included (1) the product of the 


pressure (mm.) 


| 


Pulmonary 


artery Chamber volume (ml.) me 


pressure (mm.) 
Systolic 
pressure (mm.) 
Pulmonary 
| capillary venous 
pressure (mm.) 
atrium 
Right 
ventricle 
Left 
atrium 
ventricle 
Total cardiac 
capacity (ml.) 


| pressure (mm.) | 
Left 


| Diastolic 


| Mean 
| Right 


rs 

we 
~ 

— 
_ 
_ 

~ 
_ 
_ 

wo 

or 
© 
or 


| 
| 
mS 
te 
_ 
oo 
= 
2 
S 
3 


+ 
ao @& = 
mm bo 
- © 


area in the lateral plane and the diameter in the 
frontal plane, (2) the product of the areas in th 
frontal and lateral planes raised to the 34 power, 
and (3) the sum of volumes of small cylindrical 
components of each of the chambers in both planes 
These technics were discarded, following study ot! 
all subjects, in favor of the method given because 
of (1) difficulty in determining in the frontal plan 
a single representative diameter, (2) prejudice 1 
using product of areas of an assumed commo! 
diameter, and (3) unequal projection of areas in 
both planes, which makes the creation of equiva 
lent cylinders impossible in this type of cardia: 
disease. The method used is similar to that con 
ventionally employed to determine volume of th« 
cardiac silhouette.® 

No correction factor for distortion produced by 
a tube-to-film distance of 100 em. was used be 
cause of difficulty, if not impossibility, of obtaining 
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qually important measurements inherent in its 
aleulation. A factor to correct for distortions of 
‘olume produced by shape was also not employed 
vecause either the chamber did not conform signifi- 
antly with any known geometric figure that could 
e analyzed mathematically or, regardless of simi- 
arity to a geometric structure in 1 plane, its entire 
hape and uniformity could not be determined 
ven from 2 projections. Parenthetically, it can 
e stated that even for the heart as a whole, we 
ave not encountered a mathematician who agrees 
‘ith the usual statement that the heart is sugges- 
ive of a “combined sphere and a transversally 
laced paraboloid” and who is willing to accept 
‘ohrer’s correction factor of 0.63 or any other 
iathematical equation based on similar assump- 
ions of shape. 

For all these reasons, we have preferred to re- 
ort each chamber volume as the product of its 
rea in the frontal plane and greatest linear 
iameter perpendicular to it. Total cardiac vol- 
me, as used in this study, is the sum of the 
olumes of the 4 chambers. Obviously, it is repre- 
ntative of capacity rather than total cardiac 
olume, for solid mass is not included in its 
measurement, 

RESULTS 

Table 1 gives the actual volume of each of 
the cardiac chambers arranged according to 
iotal cardiac capacity. Total cardiac capacity 
varied greatly and showed no significant re- 
lationship either to age or to duration of rheu- 
Atrial fibrillation was 
correlated best with total cardiae capacity and 
was more frequent the larger the total cardiac 
capacities. 


inatie heart disease. 


Chamber volumes and their relationship to 
ich other also varied greatly. No significant 
‘lationship was found between the right 
rial volume and its pressure, or between the 
ght ventricular volume and either its end- 
ciastolie pressure or the mean pulmonary 
‘ipillary venous pressure. A suggestive re- 
| tionship was found between the right ven- 
| icular systolic pressure and its volume (r = 
(4657, p >0.05). Further study, however, 
owed that there was no relationship between 
ese 2 variables with observed values of right 
‘ntricular volume less than 165 ml. (r = 
1655, p> 0.70) and a-significant one with 
served values of 165 ml. or more (r = 0.7716, 
<0.01). Such right ventricular volumes 
ere also significantly correlated with the pul- 


monary artery systolic pressure (r = 0.7771, 
p<0.01) and with the pulmonary artery 
mean pressure (r = 0.7857, p < 0.01). 

The volume of the left atrium was aimost 
always larger than that of any other cardiac 
chamber. It constituted 28.9 to 59.9 per cent 
of the total cardiac capacity. There was a 
tendency for the larger total cardiae capaci- 
ties to be associated with larger left atrial 
volumes that were frequently disproportion- 
ately increased. However, a small total ear- 
diac capacity did not exclude a large left 
atrium. Conversely, a large total cardiac ¢a- 
pacity did not exclude a relatively small left 
atrium. 

The left ventricular volume was the smallest 
of the chamber volumes in only 55.6 per cent 
and was larger than the right ventricular vol- 
ume in 38.9 per cent. 

Finally, a significant relationship was dem- 
onstrated between the total cardiac capacity 
and the volume of each chamber except the 
left ventricle. However, if the total cardiac 
capacity was less than 1,000 ml., it was sig- 
nificantly correlated only with the left atrial 
volume and if greater than 1,000 ml. only 
with the left ventricular volume. The corre- 
lation coefficients and their probabilities may 
be seen in table 2. 


DiIscussION 

These findings indicate that the left atrium 
is almost always the largest chamber of the 
heart of a person with rheumatic heart disease 
and isolated mitral stenosis. This fact has 
been generally assumed but has not actually 
been previously demonstrated during life. 
This chamber may at times occupy more than 
half the total capacity of the heart. The 
corollary of this statement is that the left 
atrium does not empty completely in systole 
and must indeed have the greatest residual 
systolic volume of all the cardiac chambers, 
a fact readily demonstrable by angiocardiog- 
raphy. Indeed, if this chamber is very large, 
there may be no appreciable change in its 
outer contour during various phases of the 
cardiac cycle. In fact, we have been unable 
to detect, by high-speed cinematographie stud- 
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TABLE 2.—Correlation Coefficients and Their Probabilities for Total Cardiac Capacity and 
Chamber Volumes 


Right atrium 


Total cardiac eapacity 


r = 0.7083* 


p< 0.01 


Total cardiae capacity r = 0.0949 


less than 1,000 ml. 


p > 0.70 


Total cardiac capacity 


r = 0.4124 


greater than 1,000 ml. p> 0.50 


*Significant. 


ies, any motion of the lateral and cephalic 
borders of the left atrium in the lateral pro- 
jection. Emptying of the left atrium under 
these circumstances is accomplished for prac- 
tical purposes entirely by the piston-like ac- 
tion of the atrioventricular valves. 

There is, however, no constant relationship 
in isolated mitral stenosis between the volume 
of the left atrium and that of the other ear- 
diac chambers. Thus, the ratio of the volume 
of the left atrium to that of the right ventricle 
varied from 1.2 to 8.9, a 7-fold difference. 
Wide variation was also found when the left 
atrial volume was related to that of the right 
atrium or to the combined volumes of the 
right atrium and right ventricle. Such marked 
variation strongly supports the view that no 
single factor is equally effective in the produc- 
tion of enlargement of the left atrium, right 
ventricle, and right atrium. Back pressure 
from mitral block is obviously inadequate by 
itself to explain this variation. 

We have previously reported that left atrial 
volume in isolated mitral stenosis cannot be 
correlated significantly with any pressure 
parameter, or with age or duration of the 
rheumatic state.* On the other hand, we have 
also reported that pulmonary artery size does 
correlate significantly with the mean pulmo- 
nary artery pressure.” We report now a sig- 
nificant correlation between the right ventric- 
ular systolic pressure and its volume for 
observed values of 165 ml. or more, and also 
between such volumes and the pulmonary ar- 
tery systolic and mean pressures. 


Right ventricle 


p > 0.50 


Left atrium Left ventricle 


r = 0.4108 
p > 0.05 


r = 0.6845* 


p < 0.01 


r = 0.8748* 
p< 0.001 


r = 0.2399 


p > 0.40 


r = 0.6521" 
p < 0.001 


r = 0.0175 


p > 0.90 


r = 0.4479 r = 0.0534 | r = 0.9581* 


p > 0.90 p< 0.05 


The demonstration of disproportionate en 
largement of the right atrium in the absence 
of tricuspid stenosis raises serious doubt of 
the reliability of this sign which has been 
so used by others.‘ Conceivably, it may be 
due to tricuspid incompetency not ordinarily 
detectable but suggested by the finding of an 
elevated right atrial pressure.* It may also 
represent change in elasticity either primary 
or secondary to bouts of hypervolemia or both, 
for a significant correlation was found be 
tween the volume of the right atrium and total 
cardiac capacity but not between it and its 
pressures. 

The interplay of these various factors in 
the production of chamber enlargement is also 
demonstrated by their relationship to right 
ventricular volume. Here, a significant rela 
tionship was found between the total cardiac 
capacity and the volume of the right ventricle. 
Yet, increase in the latter above 165 ml. is, as 
stated before, also significantly related to its 
pressure. 

For these reasons, it appears that pressure 
change in elasticity, and hypervolemia act 
variably and do not uniformly affect the en 
tire heart. Moreover, they do not necessaril) 
act together during all phases of the life cyel 
of rheumatic heart disease. Thus, the fact tha 
the total cardiac capacity when less than 1,001 
ml. correlates only with the left atrial volum: 
is readily understandable, if enlargement 0! 
the left atrium occurs first and is, thereby, th: 
major cause for increasing the total capacit) 
of the heart. Right ventricular enlargement 
on the other hand, is partly dependent upoi 
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yulmonary artery pressure, which is not re- 
ated to left atrial volume. Finally, the left 
ventricle may not be significantly enlarged 
intil hypervolemia is or has been present. 
[ypervolemia may also disproportionately 
listend the left ventricle because the elasticity 
‘f the other chambers has been seriously com- 
rromised. This may be the reason that the 
otal cardiac capacity when greater than 1,000 
ul. correlates only with the left ventricular 
olume. 

Perhaps for these reasons, left ventricular 

olume in severe mitral stenosis is not invari- 
bly decreased. In one half of the group, it 
vas 150 ml. or more. Moreover, it is not al- 
rays the smallest chamber of the heart in mi- 
ral stenosis, for in 7 of the 18, it was larger 
han the right ventricle. It is also possible 
that the left ventricle may be slightly en- 
larged in mitral stenosis because mitral regur- 
vitation was present during the initial phase 
of rheumatic heart disease? and reappears or 
inereases whenever resistance to left ventric- 
ular forward flow is temporarily increased. 


SUMMARY AND CONCLUSIONS 


A study was made of 18 persons with rheu- 
matie heart disease and isolated severe mitral 
stenosis, confirmed at surgery, to determine 
the volume of each of the cardiac chambers 
opacified by the technic of simultaneous bi- 
plane stereoscopic venous angiocardiography. 

The volume of each chamber is represented 

y the product of the area in the frontal plane 

id the greatest linear diameter perpendicu- 

r to it. Total cardiac capacity is the sum 

‘the chamber volumes. 

Each of the chambers varied greatly in vol- 

ne, right atrium 96 to 395 ml., right ven- 

icle 63 to 311 ml., left atrium 209 to 582 ml., 

id left ventricle 41 to 207 ml. Total cardiae 

pacity varied from 595 to 1,341 ml. 

Almost always the volume of the left atrium 

ceeded that of the other chambers, and con- 

ituted 28.9 to 59.9 per cent of the total ear- 
ac capacity. 

Wide variation was found between the vol- 

ne of the left atrium and that of the right 

‘ntricle or right atrium or both. 


Disproportionate increase in volume of the 
right atrium not due to tricuspid stenosis may 


occur in severe mitral stenosis. 

The volume of the left ventricle varied 5 
fold, was not invariably small, and, indeed, 
was not always the smallest chamber. 

A significant relationship was found be- 
tween the right ventricular volume for ob- 
served values of 165 ml. or more and its sys- 
tolic pressure, and also with the pulmonary 
artery systolic and mean pressures. 

A significant correlation was demonstrated 
between the total cardiac capacity and the 
volume of each chamber except the left ven- 
tricle. However, if the total cardiac capacity 
was less than 1,000 ml., it was significantly 
correlated only with the left atrial volume, 
and, if greater than 1,000 ml., only with the 
left ventricular volume. 

Finally, the larger total cardiac capacities 
were commonly associated with atrial fibrilla- 
tion. 
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SUMMARIO IN INTERLINGUA 

Esseva effectuate un studio de 18 patientes 
con rheumatic morbo cardiac e isolate stenosis 
mitral de grado sever, chirurgicamente con- 
firmate, con le objectivo de determinar le 
volumine de cata un del cameras cardiac opa- 
cificate per le technica de veno-angiocardio- 
graphia biplan-stereoscopie simultanee. 

Le volumine de omne camera individual es 
representate per le producto del area in le 
plano frontal con le plus grande diametro 
linear perpendicular a ille plano. Le eapa- 
citate cardiac total es le summa del volumines 
del cameras. 

Le volumine de cata un del cameras variava 
gerandemente: le atrio dextere ab 96 a 395 ml, 
le ventriculo dextere ab 63 a 311 ml, le atrio 
sinistre ab 209 a 582 ml, e le ventriculo sinistre 





ab 41 a 207 ml. Le ecapacitate cardiac total 
variava ab 595 a 1341 ml. 

In quasi omne casos, le volumine del atrio 
sinistre excedeva le volumine del altere came- 
ras. Illo constitueva inter 28,9 e 59,9 pro 
cento del total capacitate cardiac. 

Extense variationes esseva constatate in le 
relation inter le volumine del atrio sinistre e 
le volumine del ventriculo dextere o del dex- 
tere o de ambes. 

Augmentos disproportional in le volumine 
del atrio dextere, non causate per stenosis tri- 
cuspidal, pote occurrer in casos sever de ste- 
nosis mitral. 

Le volumine del ventriculo sinistre variava 
usque a un maximo 5 vices plus grande Gue le 
minimo. Illo non esseva invariabilemente mi- 
cre. De facto, illo non esseva le plus micre del 
cameras in omne le casos studiate. 

Esseva constatate un relation significative 
inter le volumine dextero-ventricular a nivel- 
los de 165 ml o plus e le correspondente pres- 
sion systolic 0, similemente, le pressiones pul- 
mono-arterial systolic e medie. 

Esseva demonstrate un correlation significa- 
tive inter le capacitate cardiac total e le volu- 
mine del cameras individual, con le exception 


del ventriculo sinistre. Tamen, in casos in que 


le capacitate cardiac esseva minus que 1000 
ml, illo esseva correlationate significativemente 
con solmente le volumine del atrio sinistre, e 
quando illo esseva plus que 1000 ml, illo es- 
seva correlationate significativemente con sol- 
mente le volumine del ventriculo sinistre. 
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Finalmente, le major ecapacitates cardiac 
total esseva communmente associate con fibril 
lation atrial. 
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Beriberi Heart Disease 


By Reverpy H. Jones, Jr., M.D. 


Two cases of beriberi heart disease are presented together with a discussion of the 
history, diagnosis, and treatment of this condition. Special emphasis is given to the 
broadened concept of the diagnosis of beriberi heart disease, particularly as it occurs 


in the Oecident. 


| URING THE PAST several decades sig- 
nificant advances have been made in the 
diagnosis and therapy of various types ef 
art disease. Intensive investigative studies 
ive now assigned specific causes to certain 
‘ardiae disorders that formerly, for want of 
more accurate classification, were loosely 
grouped under the category of ‘‘arterioscle- 
rotie,’’ ‘“‘eoronary,’’ or ‘‘idiopathic’’ heart 
disease. Beriberi heart disease is one such 
abnormality and it is the purpose of this com- 
munication to describe the clinical manifesta- 
tions, the diagnosis, and the treatment of this 
condition as illustrated by 2 cases. 

Although classical descriptions of the poly- 
neuritic form of beriberi have been available 
in Japanese and Chinese literature for many 
centuries, it was not until 1929 that Aalsmeer, 
a Javanese physician, and Wenckebach! pre- 

ited an adequate description of the cardio- 
secular manifestations of this disorder. These 
a: thors emphasized the bounding pulse, pistol- 
| st sounds over the larger arteries, predomi- 

it right heart failure, venous engorgement, 
| frequent syneope and shock They thought 
it there was peripheral vasodilatation, de- 
ibed the rapid circulation, and noted that 
provement often occurred after the admin- 
ration of thiamine. It has been this strik- 


‘rom the Medical Department, Lewis-Gale Hospital, 
inoke, Va. 
*resented, in part, at the Regional Meeting, Amer- 


an College of Physicians, Richmond, Va., February 
6. 


ing symptomatology as described in the Orient 
which has, until recently, dominated the elini- 
cal impression of beriberi heart disease. 

While sporadic reports of cardiac manifes- 
tations in beriberi appeared in the United 
States from 1925 to 1928,?* the relationship 
of thiamine deficiency to the cardiovascular 
manifestations of this disease, as found in this 
country, was not fully appreciated until the 
investigations of Weiss and Wilkins in 1936.4 
These authors described 97 patients with ‘‘ wet 
beriberi,’’ all of whom had been on vitamin 
B,-deficient diets and most of whom were 
chronic alcoholics, and concluded that the 
same types of beriberi described in the Orient 
existed in this country. Like Aalsmeer and 
Wenckebach, they emphasized the clinical 
manifestations of rapid circulation in the 
presence of heart failure. However, left ven- 
tricular failure with dyspnea, orthopnea, and 
pulmonary congestion were observed as often 
as pure right-sided failure. <A predilection to 
circulatory collapse and shock was noted, par- 
ticularly in the presence of respiratory infec- 
tions. Severe polyneuritis was found only in 
cases of mild congestive failure. In some 
patients electrocardiographiec changes with 
tachyeardia but without other abnormalities 
were seen. Weiss and Wilkins® concluded 
that the ‘‘cardiovasecular disturbances caused 
by nutritional defects do not form a rigid 
clinical syndrome.”’ 

In 1945 Blankenhorn® of Cincinnati com- 
mented on the few references to the cardio- 


Circulation, Volume XIX, February 1959 








246 





vascular manifestations of beriberi in this 
country and stated that the condition was not 
at all rare in hospitals where other deficiency 
He thought that too strict 
adherence to the criteria of beriberi heart 


diseases occurred. 


disease as described by Aalsmeer and Wencke- 
bach had much to do with the failure to ob- 
serve this disorder more frequently, and he 
stated that the well-known Oriental concept 
of the disease probably hindered rather than 
helped to establish the diagnosis in many cases 
in the United States. Keefer? in 1930, in de- 
scribing eases of beriberi heart disease in 
Peiping, China, found that only 30 per cent 
exhibited a rapid circulation. Goodhart and 
Jolliffe’ in studying the cardiovascular com- 
plications in chronic alcoholism observed no 
acceleration of the circulation or conspicuous 
enlargement of the right heart. Blankenhorn 
also thought that rapid peripheral cireulation 
and prominence of the right heart were often 
absent in the Occidental type of beriberi heart 
disease. In an effort to facilitate the diagno- 
sis of beriberi heart disease, Blankenhorn pro- 
posed the following criteria:® (1) enlarged 
heart with normal (sinoatrial) rhythm, (2) 
dependent edema, (3) elevated venous pres- 
sure, (4) peripheral neuritis or pellagra, (5) 
nonspecific changes in the electrocardiogram, 
(6) no other cause evident, (7) gross defi- 
ciency of diet for 3 months or more, and (8) 
improvement and reduction of heart size after 
specific treatment or autopsy findings consist- 
ent with beriberi. 

Following this expansion of the criteria 
for the diagnosis of beriberi heart disease by 
Blankenhorn,® many more case reports ap- 
peared in the literature.®1* Some of these 
cases have failed to fulfill even the above eri- 
teria. Dock!® particularly commented on the 
great variety of clinical findings in beriberi, 
depending upon the region, type, and habits 
of the patients studied. Hussey and Katz" 
concluded that the symptoms and signs of 
beriberi heart disease show no important vari- 
ation from those of heart failure due to other 
causes, and therefore the diagnosis depends 
mainly upon evidence of a deficient diet, on 
the exclusion of other etiologic types of heart 
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disease, and on the therapeutic response to 
the administration of thiamine chloride. 

Thus since the original description, the con- 
cept of beriberi heart disease has become con- 
siderably broadened. Although the originally 
described Oriental cases and some of the cases 
in the United States demonstrate the picture 
of hyperkinetic circulation in the presence of 
congestive failure, many other cases fail to 
present this vivid picture. Occidental beriberi 
heart disease is undoubtedly more prevalent 
than the number of cases diagnosed at the 
present time would seem to indicate. 


ETIOLOGY 


Considerable evidenée indicates that thia- 
mine deficiency is_ the etiologic 
Cardiac disturbances produced in 
animals fed by thiamine-deficient diets dis- 
appear following the administration of thia- 
mine chloride.’’ Likewise, electrocardiograph- 
ic abnormalities similar to those observed in 
beriberi ean be produced by giving a thiamine 
deficient diet to healthy persons ; these changes 
return to normal following the restoration of 
an adequate diet.'® 
carbohydrate metabolism, and consequently 
the amount of carbohydrate in the diet is an 
important contributing factor in the patho 
genesis of beriberi.'‘ That an increase in car 
bohydrate consumption may predispose to 
beriberi by increasing the metabolic demands 
for vitamin B, is shown by the consistent 
inability to produce thiamine deficiency i: 
pigeons on a vitamin B,-deficient diet that is 
high in fats rather than carbohydrates.'° 

In the Orient beriberi occurs primarily i: 
those individuals whose chief food is polishe 
rice, which is deficient in thiamine but hig! 
in earbohydrates. In the Occident beriber 
heart disease oceurs chiefly in chronic ale 
holies. Alcohol, like polished rice, is partic 
larly low in vitamin B,, but has a high earb« 
hydrate content. That alcohol itself is 
contributing rather than a primary cause « 
the cardiovascular manifestations of beribe: 
has been proved!® by the complete reversal « 
the clinical picture following the administr: 
tion of large doses of thiamine to patient 


primary 
factor. 


Thiamine is essential in 
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who maintain their usual intake of alcohol. 
Physical exertion is likewise a contributing 
factor; cardiac manifestations of beriberi are 
more frequent and more rapidly produced by 
regimes of strenuous physical exertion. Some 
of the cardiovascular characteristics of thy- 
rotoxicosis and of pregnaney may be caused 
in part by the increased thiamine require- 
ment. Similarly, infectious diseases, particu- 
larly pneumonia, with their increased 
thiamine requirements, may precipitate ful- 
minating beriberi in subclinical, deficient indi- 
viduals. Another etiologic factor may be 
faulty gastrointestinal absorption of vitamin 
B, due to chronic gastrointestinal disease and 
occasionally following operation. 

Finally, and quite important, thiamine de- 
ficiency may influence the course of other 
etiologic types of heart disease, a fact recog- 
nized by Weiss as early as 1936.4 Some of the 
signs and symptoms in such patients may be 
caused by a coexistent vitamin B, deficiency 
rather than by the primary cardiac abnormal- 
ity itself. : 


SIGNS AND SYMPTOMS 


The clinical manifestations of beriberi 
heart disease vary considerably with the sever- 
ity and rapidity of the onset of the condition. 
The signs and symptoms of heart failure are 
most frequent. The picture of the severely 
dlyspneie, flushed, orthopneic, diffusely edema- 
tous patient as commonly described in the 


Orient has already been discussed. Such pa- 
tients may be observed in the United States 
ind may develop syncope and shock, with 
sudden death. 


In the Occidental type of beriberi heart 
lisease, however, the clinical manifestations 
ire not usually so dramatic. Dyspnea, weak- 
iess, swelling of the ankles, and a nonproduc- 
ive nocturnal cough are the most common 
‘omplaints. Examination of the heart reveals 
achyeardia, gallop rhythm, and often a sys- 
olic and less frequently a soft diastolic mur- 
nur that may lead to the diagnosis of incom- 
vetency of the aortic valve. With treatment 
ind relief of the decompensation these mur- 
murs disappear. There is usually moderate 
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dependent edema, enlarged liver, and promi- 
nent and engorged veins. The systolic blood 
pressure is often slightly elevated and in the 
more severe cases the pulse pressure is de- 
creased and pistol-shot sounds are heard over 
the large arteries. The circulation time may 
be shortened, but is usually moderately pro- 
longed. In the 22 cases reported by Benchimol 
and Schlesinger, for example, 11 had a pro- 
longed circulation time; in the other 11, the 
circulation time was normal. 

X-ray of the chest usually reveals cardiac 
enlargement with prominence of both the left 
and right ventricles and pulmonary conges- 
tion; on fluoroscopy, cardiac pulsations can 
be readily distinguished and the cardiac 
shadow may be differentiated from pericardial 
effusion. Pleural effusion is not uncommon. 

Nor specific electrocardiographic changes 
are common though not necessarily constant 
in occurrence. The main abnormalities con- 
sist in low voltage or inversion of the T waves 
and prolongation of the Q-T interval. Low 
voltage of the ventricular complex occurs and, 
although conduction defects are rare, bundle- 
branch block has  oceasionally been re- 
ported.*-'8 Significant arrhythmias are char- 
acteristically absent.®: '° The enlarged cardiac 
shadow on x-ray and the abnormal electrocar- 
diographic changes characteristically return 
to normal after the administration of thia- 
mine. Usually clinical improvement occurs 
much more rapidly than disappearance of the 
electrocardiographie abnormalities; in ad- 
vanced cases these abnormalities and cardiac 
enlargement may persist indefinitely. 

Clinical evidences of vitamin deficiency are 
usual but not invariable. It has been em- 
phasized that severe polyneuritis is present 
only in the milder cases of congestive failure 
because the presence of such neuritis inter- 
feres with locomotion and work and thus pro- 
tects the heart. Anesthesias and paresthesias 
of the extremities, chelosis, decreased or ab- 
sent knee jerks, painful glossitis, anemia, 
hyperkeratinized skin lesions, and hypopro- 
teinemia have all been described as evidence 
of thiamine and associated vitamin deficien- 
cies. 









































































































PATHOLOGY 

Pathologically the heart in cardiac beriberi 
is most often hypertrophied and dilated, with 
involvement of both the right and left cham- 
bers. Gould? describes the heart as globular 
with marked dilatation particularly of the 
right ventricle. In adults the heart frequently 
weighs 500 to 600 Gm. Microscopically edema 
and hydropic degeneration occur, particu- 
larly of the subendoeardial muscle fibers and 
the conduction bundle, together with marked 
edema of the interstitial connective tissues.° 
Dock stated that mural thrombi are often 
attached to the trabeculae carneae of the ven- 
tricles.!° No evidence of inflammation is 
found. Weiss? emphasized that the observed 
histologic changes are neither specific nor 
characteristic and can be found in other 


diseases. 


DIAGNOSIS 

When the classical hyperkinetic syndrome 
associated with predominantly right-sided 
failure occurs in beriberi heart disease, the 
diagnosis is not difficult. With bilateral fail- 
ure and in the absence of a rapid circulation, 
as so often occurs in the Occidental variety, 
the clinical manifestations may be quite simi- 
lar to other forms of heart failure. 
importance is the history of dietary thiamine 


Of great 
deficiency. In America the vast majority of 
eases are chronic alcoholics, predominantly 
males; a few occur in diet faddists and in pa- 
tients with gastrointestinal disorders. The ab- 
sence of other etiologic factors increases the 
Other 
signs of vitamin deficiency usually are pres- 


possibility of cardiovascular beriberi. 


ent. Finally, of great diagnostic significance 
is the favorable therapeutic response to thia- 
mine administration. 

Mention has been made of the coexistence 
of beriberi with other organic types of heart 
disease. In a patient with heart failure of 
known etiology, particularly when there is a 
history or evidence of an inadequate diet, 
when signs and symptoms of failure fail to re- 
spond to the usual therapeutic regime, an 
additional factor of thiamine deficiency should 
be strongly considered. 
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THERAPY 

Specific therapy for beriberi heart disease 
consists in the administration of thiamine 
chloride. Milder cases require 10 to 30 mg. 
3 times a day, whereas the more severe cases 
may require 100 mg. thrice daily. Intrave- 
nous or subeutaneous administration should 
be used when associated gastrointestinal o1 
liver disorders may interfere with the ab- 
sorption of thiamine. In markedly edematous 
or severely dyspneic patients digitalis, oxy- 
gen, salt restriction, and diuretics should be 
used. As Blankenhorn and co-workers® have 
pointed out, there is considerable doubt re- 
garding the dictum thaf digitalis is without 
value and that if the heart responds well to 
this drug the diagnosis of beriberi is elimin- 
ated. In the acutely ill patient, therapy 
should be immediate and no time should be 
lost with diagnostic studies or test thiamine- 
deficient diets, since some patients may rap- 
idly develop terminal shock. 


Report oF CASES 

Case 1. W. B., a 51-year-old white man was ad- 
mitted to the hospital on November 17, 1953. He 
complained chiefly of shortness of breath, weak- 
ness, and swelling of the ankles, associated with 
a severe nocturnal cough and sense of substernal 
congestion. These complaints were of 6 months’ 
duration but had markedly increased in the month 
prior to admission. 

The patient had consumed large quantities ot 
alcohol, chiefly in the form of beer. A_ grossly 
deficient dietary history was also elicited. He was 
a rural mail carrier and stated that he rarely ate 
during the day and at night was fatigued but 
readily revived himself with 6 to 8 bottles of beer, 
which with several drinks of whisky constituted 
his main calorie intake. There was no past histor) 
of rheumatic fever, high blood pressure, seriou: 
illnesses, or any known eardiae disorder. 

Physical examination revealed a worn but not 
emaciated, dyspneic, ruddy, chronically ill-appear 
ing man. The blood pressure was 100/80, th 
pulse 92, the temperature 98.6 F., and the respira 
tions were 20 per minute. The weight was 13! 
pounds. There were fissures in the corners 0! 
the mouth. The neck veins were distended. Ex 
amination of the lungs was negative. The second 
pulmonic sound was accentuated, and the cardia 
tones were of poor quality. The rhythm was regu 
lar. There was a distinct, moderately loud, low 
pitched, apical systolic murmur. The liver was 
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Fig. 1. Case 1. Serial roentgenograms showing decrease in cardiac size and diminished 
pulmonary congestion following administration of thiamine chloride. 4. November 18, 1953, 
admission film prior to administration of thiamine chloride. B. November 23, 1953, 4 days 


after thiamine administration. C. December 1, 1953, discharged from hospital. D. February 


4, 1954, patient ambulatory. 


lt 2 fingerbreadths below the costal border, and 
ere was moderate pitting edema of the extremi- 
's. The reflexes were active. 

Laboratory studies revealed a red-cell count of 
9 million, 10 Gm. per cent of hemoglobin, and 
white-cell count of 7,300, with a normal differ- 
tial count. The urine was normal except for : 
ace of albumin. The serum protein was 6.75 
n. per cent, the alkaline phosphatase was 2.: 
‘its, and the cephalin flocculation test was 2+ 
robilinogen in the urine was not increased. Re- 
ated examinations of the sputum for acid-fast 
cilli were negative. A  bromsulphalein test 
owed dye retention of 13.2 per cent. A Was- 
rmann test was weakly positive. The spinal fluid 
amination was normal. 

An x-ray of the chest (fig. 14) revealed gross 
ffuse cardiac enlargement with pulmonary con- 
stion and some fluid in the left base. An electro- 


-ardiogram showed low T waves (fig. 2). The ve- 
nous pressure on November 19, 1953, was 195 mn. 
of water, aud the circulation time was 24 seconds. 

The diagnosis of cardiovascular beriberi was 
made and the patient was kept at bed rest, placed 
on a high-earbohydrate, high-protein diet, and 
was given 200 mg. of thiamine chloride subeu- 
taneously 3 times a day. 

The patient’s response was slow but definite. 
He lost weight, edema disappeared, and there was 
relief of dyspnea and cough. The urinary output 
was very satisfactory, and on November 23, 1953, 
4 days after the administration of thiamine, the 
heart had decreased somewhat in size and there 
was diminished pulmonary congestion (fig. 1B). 
On November 27, 1953, the heart was still large 
and globular, but fluoroscopic examination failed 
to show any left atrial enlargement and the pat- 
tern was not consistent with pericardial effusion. 
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Fig. 2. Case 1. Eleetrocardiograms demonstrating 
the response to thiamine chloride in beriberi heart 
disease. Note flattened T waves on December 1, 
1953, before thiamine therapy, as compared with the 
tracing on February 20, 1954, following the clinical 


response to vitamin B.. 


On December 1, 1953, after the patient had been 
maintained on the same therapy, the heart had 
decreased considerably in size, although there was 
still some enlargement, and all pulmonary con- 
gestion had disappeared (fig. 1C). The patient 
had lost a total of 14 pounds. The liver, though 
still palpable, was much smaller and ascites was 
not evident. The patient looked and felt much 
better, was allowed up from his bed, and was dis- 
charged on December 3, 1953, to his home with 
thiamine chloride, 50 mg. to be taken 3 times daily 
by mouth. 

The patient showed progressive improvement at 
an office visit on January 4, 1954. He had con- 
tinued his diet, rest, and thiamine at home. There 
was no edema, although the electrocardiographie 
and roentgenologie studies were unchanged. On 
February 4, 1954, the patient showed continued 
improvement clinically and an x-ray of the chest 
showed the heart size to be perfectly normal (fig. 
1D). The electrocardiogram, however, still showed 
the original abnormalities. On February 20, 1954, 
the patient was still feeling very well; there was 
no dyspnea or cough, and while not back at work, 
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he was much more active. Examination revealed 
no edema, the liver was barely palpable, and the 
heart examination revealed normal tones but no 
murmurs. The electrocardiogram (fig. 2) showed 
marked improvement and was considered normal. 
He was advised to continue taking brewer’s yeast 
for several months and was cautioned against 
poor dietary habits and alcoholic consumption. 

This case has been presented as an instance 
of Occidental beriberi heart disease. Im 
portant diagnostic factors were the easily 
elicited history of dietary deficiency, th: 
signs and symptoms of heart failure, and th: 
excellent clinical response to thiamine chlor 
ide. It is true that, aside from cheilosis, gen 
eral appearance, and arfemia, there was 1 
other evidence of vitamin deficiency, but 
as has been pointed out, this is often the case 
Characteristically, the enlarged heart an 
the abnormal electrocardiogram returned ti 
normal some time after the relief of the symp 
toms of congestion. 

As has been shown, the original concept o! 
beriberi heart disease has been considerably 
modified and broadened. In the Occident 
particular emphasis should be placed on th: 
signs and symptoms of congestive failure in a 
patient on a known vitamin B-deficient diet, 
with demonstrable improvement after thia 
mine chloride therapy. The case presented 


illustrates many of the present concepts o! 


beriberi heart disease and emphasizes that a 
more liberal diagnostic approach on this sub 
ject will undoubtedly permit one to identify 
and to treat successfully more patients witl 
this condition. 


Case 2. E. B., a 48-year-old white man wa 
admitted to the hospital on March 31, 1955. 

His main complaints were dyspnea and ank! 
edema of 3 weeks’ duration. He had had chore 
at the age of 10. There had been no known rheu 
matic fever. At the age of 15 the patient ha 
been told he had a “heart condition.” Fiftee 
years before admission the patient had been tol 
he had “high blood pressure” and subsequently | 
was “as high as 210” and caused his rejection b 
the Army. Ten years before admission the pa 
tient developed rheumatoid arthritis, which so lin 
ited his activities that for several years he coul 
seareely walk alone and could only shuffle abou 
the house. The patient admitted to a grossly d 
ficient diet and stated that he had eaten only 
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Fig. 3. Serial roentgenograms m case 2. 
tration of digitalis or thiamine chloride. 


A. Mareh 31, 1955, on admission prior te adminis 
B. April 4, 1955, following administration of digitalis 


and diuretics but no thiamine, shows progressive cardiac enlargement and pulmonary edema. 
C. April 12, 1955, diminution in eardiae size and pulmonary edema following addition of 
thiamine chloride to therapeutic regime. D. April 18, 1955, continued improvement at discharge. 


eal a day for the preceding 10 years. Previous 
ecords revealed that the patient had been hos- 
pitalized in July 1954 with severe epistaxis and 
at the blood pressure was recorded as 170/104 
m. Hg. 
Approximately 3 weeks before admission, the 
itient first noted slight ankle edema followed 
increasing shortness of breath on exertion. 
ne week prior to admission the patient developed 
thopnea. He had been given some unknown di- 
etics, without benefit, but no digitalis. Because 
the increasing severity of these symptoms, the 
tient was sent to the hospital. 
Physical examination revealed a pale, dyspneic, 
itely and chronically ill-appearing man. The 
od pressure was 190/120, pulse 98, respira- 
ns 20, temperature 97.8 F., and weight 140 
unds. The tongue was red and there were fis- 
res in the corners of the mouth. The eyes ap- 
ared puffy. Moist rales were present at both 
ig bases, although there was no dullness on 
reussion. The heart was markedly enlarged with 
forceful apex beat noted in the seventh inter- 
ace in the midaxillary line. A loud, rough sys- 
ie murmur was heard at the apex, transmitted 


to the axilla. The second pulmonie sound was 
accentuated. The liver was felt 2 fingerbreadths 
below the right costal border. No ascites was 
noted. The fingers and ankles revealed arthritic 
deformities and there was extensive pitting edema 
of the legs and ankles. 

Laboratory studies revealed a red-cell count of 
4.3 million per mm.*, 13 Gm. per cent of hemo- 
globin, and a white-cell count of 8,100, with a 
normal differential count. The blood urea was 
50 mg. per cent. The urine was normal, with a 
specific gravity of 1.025. The serum protein was 
6.5 Gm. per cent, with a normal albumin-globulin 
ratio. A serologie test for syphilis was negative. 
An electrocardiogram was essentially normal. The 
cireulation time (arm-to-tongue with Decholin) 
was reported as 15 seconds, and the venous pres- 
sure was 140 mm. of water. An x-ray of the chest 
on admission (fig. 34) revealed marked cardiac 
enlargement with a globular heart and engorge- 
ment of the pulmonary vessels. The patient was 
considered to have chronic rheumatic endocarditis 
with mitral insufficiency and congestive heart fail- 
ure as well as rheumatoid arthritis, essential hy- 
pertension, and malnutrition. 
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TABLE 1.—Weight Loss in Case 2 Following Addition 
of Thiamine Chloride 


3 times daily) 


Aminometradine 


(mg.) 


| Thiomerin 
| Thiamine 


| (ml.) 


Output 
| Digoxin 
(mg.) 


| NHsCl 


Irn wm om m * | (Gm.) 
| (mg. 


, | Date 


| 


140 900 96 
139 1500 90 
140 ; 80 
144 1800 90 
146 1800 84 300 
145 900 66 300 
140 2900 66 400 
27 «4400 70 400 
120 1450+ 60 400 
112 3200 64 400 
109 1800+ 64 300 
109 1000 64 25 200 
110 1000 64 2 100 
109 coo 64 25 100 


S ome & SO — C 


o oe 


On the sueceeding 6 days the patient was given 
6 mg. of digoxin as well as ammonium chloride, 
2 Gm. 4 times daily, and 2 injections of a mer- 
curial diuretic. This treatment produced no di- 
uresis; in fact, the patient grew worse as evi- 
denced by a 6-pound gain in weight and inecreas- 
ing heart size and pulmonary congestion (fig. 3B). 

At this time the possibility of a coexisting thi- 
amine deficiency was considered, and on April 4 
the patient was given thiamine chloride, 100 mg. 
3 times daily, subeutaneously. On April 6 the 
thiamine chloride was raised to 100 mg. 4 times 
daily and aminometradine (Mictine), 200 mg. 3 
times daily, was added to the therapeutic regimen. 

Diuresis and weight reduction were immediately 
produced and in the next 6 days the patient lost 
weight, from 146 to 109 pounds, a total of 37 
pounds, as seen in table 1. The pulse slowed, edema 
vanished, and symptoms of dyspnea and orthop- 
nea disappeared. 

An x-ray of the chest on April 9 revealed a 
marked decrease in the heart size and absence of 
pulmonary edema. On April 12 there was still 
further reduction in the cardiae size (fig. 3C). 
The patient was maintained on digoxin, 0.25 mg. 
daily, and a high-earbohydrate, high-vitamin diet 
with supplementary thiamine chloride. A_ final 
x-ray of the chest on April 18 (fig. 3D) revealed 
still further reduction in the eardiae size. The 
patient was discharged from the hospital on April 
20, 1955, with the above medications and diet. 


This case has been presented as an instance 
of chronic rheumatic endocarditis with con- 


JONES 
gestive failure, complicated by thiamin 
chloride deficiency. At first the factor of 
thiamine deficiency was overlooked. However, 
because of no response to digitalis, ammonium 
chloride, diet, and mercurial diuretics, vitamin 
B, was added to the therapeutic program with 
very gratifying results, characterized by di 


uresis, weight loss, a subsidence of symp 


toms, and a reduction of eardiae size and pul 
monary edema. Although a proprietary drug 
aminometradine, was given at approximately 
the same time, it is hardly conceivable tha 
this drug could have caused such a responsi 
when a number of other cardiac drugs ha 
failed to influence the edema or clinica 
course. Although the therapeutic respons: 
to thiamine is moderately slow, several o 
Blankenhorn’s® cases responded to parenter 
al medication very rapidly and dramatically 
Undoubtedly in a number of cases of organi 
heart disesae with congestive heart failur 
there is a contributing factor of thiamine de 
ficiency, thus in effect constituting a form of 
beriberi heart disease. Failure to reeognize 
this factor in the management of some cases 
of organic heart disease with congestive fail 
ure will result in an insufficient control of 
symptoms and an inadequate clinical response 


CONCLUSIONS 


An outline of the development of the cur 
rent concept of beriberi heart disease, pai 
ticularly as it occurs in the Occident, has 
been presented. 

The etiology, symptomatology, diagnosi: 
and treatment of this condition have bee 
described. 

Two cases of Occidental beriberi heart dis 
ease with a typical therapeutic response t 
thiamine chloride have been presented. 

It has been emphasized that some patien 
with known organic heart disease in econge 
tive failure may have a coexisting factor « 
thiamine chloride deficiency that will infl 
ence the clinical manifestation of failw 
and necessitate supplementary vitamin | 
therapy. 

Classical beriberi heart disease as original] 
described in the Orient was graphically po 
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Hyponatremia 
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Dp‘ JACK ORLOFF: The conference this 
afternoon is concerned with an analysis 
of the significance and pathogenesis of hypo- 
natremia, the clinical state associated with a 
lowered concentration of sodium in_ the 
plasma. This has been a particularly confus- 
ing subject for a number of years, and unless 
one is clearly aware of the physiologic signifi- 
cance of this derangement, the response to 
therapy may be an unwarranted surprise. 

There are many clinical situations in which 
hyponatremia occurs. We have selected a 
few interesting examples of the syndrome that 
will be discussed in some detail. Before intro- 
ducing the speakers, I should like to sum- 
marize some of our current views concerning 
hyponatremia. 

Perhaps the main souree of confusion re- 
garding this syndrome has been the lack of 
appreciation of the basie fact that the con- 
centration of sodium in the extracellular fluid 
is largely determined by the relationship be- 
tween the intake and excretion of water, 
rather than by the relationship between the 
intake and output of salt. The reason for 
this is that sodium occupies a unique position 
in the body. It, together with its anions, 
makes up 90 per cent or more of the osmotical- 
ly active constituents of the extracellular fluid. 
Consequently the concentration of sodium in 


Presented by the Staff of the National Heart Insti- 
tute at the Combined Clinical Staff Conference of the 
National Institutes of Health, Bethesda, Md., October 
10, 1957. Dr. Mackenzie Walser, formerly with the 
Institutes, is now with Johns Hopkins Hospital. 


plasma and extracellular fluid reflects th 
effective osmotic pressure* of the extracellula 
fluid and provides no information concernin 
the total amount of sodium in the _ bod) 
Furthermore, since the intracellular space 

in osmotic equilibrium with plasma and inte: 
stitial fluid, the concentration of sodium is 

measure of the effective osmotic pressure < 
all body compartments. 

It should be clear, then, that a low plasn 
sodium (hyponatremia) is indicative of 
lowered effective osmotic pressure of body 
fluids, with 2 important clinical exception 
It does not indicate that the sodium content 
of body fiuids is decreased, although hyp 
natremia and sodium depletion may occur 
together ; most often hyponatremia is observed 
in edematous patients in whom total body 
sodium may be markedly increased. Hyper- 
elycemia and hyperlipemia are the important 
clinical exceptions to the generalization that 
hyponatremia and hypo-osmolality (a lowered 
effective osmotic pressure) are synonymous. 
In the first instance, the addition of a relatiy 
ly nonpenetrating, osmotically active su 
stance, glucose, to the extracellular flu’! 
increases its osmotic pressure and effects ° 
redistribution of body fluids. Water is wit 


*Effective osmotic pressure is that exerted 
solutes that do not penetrate cell membranes rapid 
Urea may contribute appreciably to total osmo 
pressure. However, it does not affect the distributi 
of water between cells and surrounding fluids, sii 
it penetrates cells freely and its concentration in ¢ 
water and extracellular fluid water is approximat« 
equal, 
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awn from cells until a new equilibrium is 
iched, diluting the sodium in the extracellu- 
: fluid in the process. In this situation the 
tracellular fluid volume is expanded, the 
tracellular volume is diminished, and the 
ucentration of sodium is decreased, but the 
ective osmotic pressure may be normal or 
‘vated. In the ease of hyperlipemia, the 
uation is altered in another fashion. The 
‘ge lipid molecules increase the solid content 
a unit of plasma and thereby diminish the 
iter content. Consequently the concentra- 
mn of sodium in 1 ml. of plasma is decreased, 
iereas the concentration of sodium in 1 ml. 
plasma water is normal, as is the effective 
motie pressure. 

The important point to recognize at this 
juneture is that exclusive of hyperglycemia 
aud hyperlipemia, the finding of a lowered 
neentration of sodium in plasma is always 
dicative of dilution, the relative retention 
‘water in excess of solute in the body. The 
smmon denominator in all cases of hyponat- 
‘mia must then be an inability to excrete 
ingested water with sufficient rapidity to 
aintain a normal osmotic pressure. The one 
issible, though unproved, exception to this 
roneralization will be mentioned later. 

The regulation of water balance in man is 
mplex, and the numerous factors involved 
‘ovide opportunities for a large variety of 
a)normalities, any one of which may lead to 
impairment of water excretion and result- 
t hypo-osmolality. In order to define the 
merous defects in regulation that theoreti- 
lly ean produce hypo-osmolality, I should 
e to review briefly the physiology of water 
lance. 

As you all know, the main routes of water 
s are the skin, lungs, gastrointestinal tract, 
| kidneys. We may dispense with the first 
‘ee by stating that irrespective of the pre- 
‘itating factor, the kidney is ultimately 
ponsible for the maintenance of hyponatre- 
a. It is this organ together with the pitui- 
‘y that serves as the major regulator of 
ter balance. 

In normal man approximately 20 per cent 
the plasma perfusing the kidneys is filtered 
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at the glomeruli. The ultrafiltrate so formed 
is delivered to the proximal segment, where 
it is reduced in volume. Eighty to 85 per 
cent of the tubular fluid is reabsorbed in this 
area. Urine remaining in the tubule is isos- 
motic, i.e., has the same osmotic pressure as 
the parent filtrate. Presumably, sodium and 
anion are reabsorbed actively and water dif- 
fuses out passively along the resultant osmotic 
eradient. Residual isosmotie urine is delivered 
to the loop of Henle and the distal convoluted 
tubule.* Here most of the remaining sodium 
and anion are reabsorbed. The membrane in 
the distal convoluted tubule has a peculiar 
property ; it is freely permeable to water only 
when antidiuretic hormone (ADH) is present. 
In the absence of ADH, the membrane is 
relatively impermeable to water so that, de- 
spite the osmotic gradient established by the 
removal of electrolyte in the distal segment, 
most of the water remains within the tubular 
lumen, and the urine thereby becomes dilute 


(hypotonic to plasma). Water remaining 


within the tubule after electrolyte abstraction 
has been termed solute-free water, which 
means water released for excretion (freed, as 
it were) by abstraction of solute (sodium and 
anion) from isosmotic urine. 


Theoretically, 
approximately 20 liters a day of water could 
be exereted by adult man in the total absence 
of ADH, if no other factors were involved 
and if virtually all the remaining sodium were 
removed in the distal segment. However, this 
is an oversimplification and some water prob- 
ably diffuses out in both the distal convoluted 
tubule and the collecting duct, even in the 
absence of ADH. 

In the presence of ADH, the sequence of 
events changes. Under these circumstances a 
hypertonic urine may be excreted, so that 
water may be retained in excess of sodium 
promoting the development of dilution hypo- 
natremia. ADH is thought to increase the 
permeability of the distal convoluted tubule 
to water, so that for all intents and purposes, 
when ADH is present, this area of the tubule 
functions as does the proximal segment. Al- 


*For purposes of discussion the loops of Henle will 
be considered as included in the distal segment. 
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though electrolyte is again abstracted in the 
loop of Henle and distal convoluted tubule, 
freeing water in the process, water may now 
diffuse out of the distal convoluted segment 
until osmotie equilibrium is achieved. A small 
volume of residual isosmotie urine containing 
the nonreabsorbed solutes is delivered to the 
collecting duct* where onee again water with- 
out solute is removed. The resultant hyper- 
tonic urine is excreted. 

In view of these facts it is evident that 
there are a number of possible disturbances 
in the renal regulation of water excretion that 
may contribute to the development of dilution 
hyponatremia. Perhaps the simplest way to 
view this, as well as to provide a basis for a 
classification of hyponatremia, is to list the 
requirements for the rapid excretion of water 
in excess of solute, since in the final analysis 
this is the only device the body has to prevent 
the development of hyponatremia. 

The ability to form a dilute urine and to 
excrete water with sufficient speed to main- 
tain a normal osmotic pressure in the face of 
large intakes of fluid depends upon (1) the 
filtration rate, (2) volume flow to the loops 
of Henle and the distal convoluted tubule, 
(3) the reabsorption of sodium and anion in 
this area with resultant freeing of water, and 
(4) the permeability of the tubule membrane 
to water in the diluting area. This last is a 
function of an intact hypothalamico-hypo- 
physeal system. I should like to propose that 
most, if not all, cases of dilution hyponatremia 
may be considered as being the result of a 
disturbance in 1 or more of these 4 factors. 

The first disturbance to be considered is 
inadequacy of filtration. This is an obvious 
cause of hypo-osmolality. It is certainly the 
situation in hyponatremia seen in a nephrec- 
tomized animal and in an anurie patient, and 
is at least a contributory factor in patients 
with renal insufficiency in whom the number 
In the 
latter group, when filtration rate is seriously 
depressed and insufficient urine is delivered to 
the diluting site, the relatively small volume 


of functioning nephrons is reduced. 


*ADH may also increase the permeability of this 
area to water. 
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of urine that can be excreted (even if this 
area of the kidney were operating normally ) 
may be insufficient to overcome dilution pro- 
duced by the administration of intravenous 
fluids. In some instances, hyponatremia may 
develop on what otherwise would be consid 
ered a normal fluid intake. Admittedly an 
added factor in these patients may well bi 
persistent ADH secretion. Even in normal man 
it is possible, though certainly rare, to over- 
whelm the filtering capacity of the kidney and 
produce water intoxication. On the other hand 
and this is not an uncommon occurrence, i 

loss of extracellular fluid through vomiting 
diarrhea, excessive swéating, or shock com 
promises glomerular filtration, water admin 
istered in order to replace volume losses ma} 
not be excreted rapidly enough to preven 
hyponatremia. In contrast to other cases o 
hypoosmolality, these may be associated wit! 
true sodium depletion. Dilution hyponatremi: 
following salt depletion conceivably coul 
oceur even though a dilute urine were bein: 
excreted. More often the secretion of ADH, 
and resultant urine hypertonicity, is an in 

portant contributory factor. Dr. Walser wil! 
discuss this aspect of the problem in greater 
detail. 

Dilution hyponatremia may also occur as 
a result of a reduction in volume flow to the 
diluting segment, not necessarily secondar\ 
to a decrease in the number of functioning 
nephrons. Clearly, if for some reason little 
or no sodium were delivered to the distal seg 
ment, it would be impossible to produce 
sufficient sodium-free water to prevent tl 
development of bodily dilution. This may | 
the situation in some edematous patients 
whom the reabsorption of sodium and anio 
may be virtually complete in the proxim 
segment. Under these circumstances excrett 
urine may be persistently hypertonic. A fu 
description of this abnormality will be pr 
sented by Dr. Kennedy. 

A third disturbance that may interfere wit 
urinary dilution and provide the basis fe 
hyponatremia is a reduction in the capacit 
of the distal segment to reabsorb sodium an 
thereby to free water. This may be a significa) 
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factor in adrenal insufficiency as well as in 
those cases of chronic nephritis associated with 
nereased rates of salt excretion. In both, 
he sodium reabsorptive capacity of the distal 
segment is decreased despite adequate flow to 
his area, and consequently solute-free water 
nay not be formed in large amounts. Both 
hese clinical situations may also be compli- 
‘ated by an associated fall in extracellular 
iuid volume and filtration rate. Whether 
versistent secretion of ADH may also be an 
mportant factor, as many have suggested, is 
iot certain. In contrast to edematous patients 
vith lowered osmotic pressure, dilution hypo- 
iatremia in adrenal insufficiency and in so- 
‘alled ‘‘salt-losing nephritis’’ occurs in asso- 
‘ation with true salt depletion ; thus both the 
‘oneentration and total body content of 
sodium are decreased. 

I should like to comment more fully on the 
role of ADH in the development of hyponat- 
remia. As we have already noted, an impor- 
tant requirement for the excretion of water 
is that the membrane in the distal tubule 
remains relatively impermeable to water, 
which it does only when ADH secretion is in 
abeyance. 

The importance of the hypothalamico- 
l\ypophyseal system insofar as it affects urine 
‘low is well known. Normally, a rise in effec- 
‘ive osmotic pressure of the extracellular fluid 
timulates osmoreceptors in the anterior hypo- 
halamus to effect the discharge of ADH from 
‘he hypothalamus and the posterior pituitary. 
‘he latter gland apparently serves as a storage 

epot for the hormone. As already stated, 
\DH inereases the permeability of the distal 
‘gment to water and promotes both a decrease 
i urine flow and the elaboration of a hyper- 
mie urine. Hypo-osmolality of the extra- 
‘llular fluid normally causes the osmorecep- 
rs to interfere with the secretion of ADH, 
nd water diuresis ensues as a result of a 
eerease in water permeability of the distal 
‘gment. The nature of the stimulus to the 
smoreceptors that induces ADH secretion is 
ost reasonably viewed as a shrinkage of the 
ertinent cells due to withdrawal of water 
iy the hypertonic extracellular fluid. Swell- 
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ing of the cells presumably interferes with 
the neurosecretory discharge. Consequently 
in the presence of normal kidney function, 
unless nonosmotie stimuli are capable of pro- 
moting hormone secretion, this regulatory 
device should always function to prevent the 
development of hyponatremia. Unfortunately 
many other stimuli are known to promote the 
secretion of ADH even when the effective 
osmotic pressure is diminished and the osmo- 
receptor presumably is ‘‘informed’’ that no 
ADH should be secreted. Thus pain, anal- 
gesics, barbiturates, morphine, acetylecholine, 
operative procedures, to name only a few, 
stimulate ADH secretion. It should not be 
surprising, then, that so-called ‘‘inappro- 
priate’’ or nonosmotic stimulation of ADH 
secretion may be an important contributory 
factor in many eases of hyponatremia. This, 
together with the enthusiastic administration 
of excessive volumes of 5 per cent dextrose, is 
undoubtedly a ‘‘pathogenic’’ factor in many 
cases of postoperative hyponatremia. Both 
Drs. Walser and Bartter will discuss in 
greater detail the role of ADH in the patho- 
genesis of other types of hyponatremia. 

One other possible physiologic alteration 
that may be of importance in the development 
of dilution hyponatremia should be consid- 
ered. It is entirely conceivable, and Dr. 
Walser will present some evidence favoring 
the view, that the osmoreceptors or the osmo- 
stats, if you will, may be reset at a lower 
level of osmotic pressure. In essence, this 
means that a plasma sodium of 125 mKq./L. 
in a particular subject is ‘‘normal’’ for that 
individual, and that both the renal capabili- 
ties insofar as dilution is concerned and the 
activity of the hypothalamico-hypophyseal 
system are undisturbed. This is an exception 
to the generalization that all cases of dilution 
hyponatremia should exhibit impaired ability 
to excrete water. Presumably resetting of the 
osmostat could occur if a primary decrease in 
intracellular osmotic pressure were produced 
either by actual loss of intracellular solute or 
a change in the osmotic activity of cell con- 
tents, so-called ‘‘osmotie inactivation’’ of cell 
base. If this fall in intracellular osmotic 
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pressure should occur, the following sequence 
would prevail. Water would diffuse out of 
cells in response to the relative hypertonicity 
of the extracellular fluid. The osmoreceptors 
would shrink, stimulating ADH _ secretion. 
This would result in the retention of ingested 
water, greater dilution of the extracellular 
fluid, and a further fall in extracellular effec- 
tive osmotic pressure. Water will now reenter 
tissue cells in general, including the osmore- 
ceptors. Once the size of the latter returns 
to normal (albeit at a lower osmotic pressure ) 
secretion of ADH will cease. At this point 
a new equilibrium will have been achieved ; 
the osmotie pressure of the fluid compartments 
will be stabilized at a new but lower level. 
Although chronic expansion of the extracellu- 
lar fluid compartment has resulted, intracellu- 
lar and osmoreceptor volumes are normal. The 
pituitary system should operate exactly as in 
the nonhyponatremic individual, responding 
to rises and falls in effective osmotic pressure, 
although at a lower level than in a normal 
individual. 

Inactivation of cell base, or resetting of the 
‘‘osmostat,’’ has been suggested in order to 
account for chronic, therapeutically unrespon- 
sive hyponatremia in certain cardiac and 
cirrhotic patients, in carcinomatosis, and 
in so-called ‘‘pulmonary salt-wasting syn- 
dromes.’’! The latter will be discussed from 
a different point of view by Dr. Bartter. 

In summary, hyponatremia when associated 
with a lowered effective osmotic pressure of 
the fluid compartments is, with one possible 
exception, a consequence of a diminished abil- 
ity to excrete water. At least 4 major distur- 
bances may account for this abnormality: a 
lowered filtration rate, diminished volume 
flow to the diluting segment, a defective so- 


dium transport system, and persistent ‘‘inap- 
secretion of ADH. Theoretically, 
hyponatremia may also occur if for some rea- 


propriate’’ 


son the osmotic pressure of cells and osmo- 
receptors diminishes as a result of solute loss 
or inactivation of cell cation. Finally, it is 
important to recognize that though hypo- 
osmolality may occur in association with so- 
dium depletion, most often it is observed when 
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the sodium content of the body is increased, as 
in edematous subjects. 

I should not like to leave the impression 
that each case of hyponatremia may be ana 
lyzed from the point of view of a single defect 
Many eases are undoubtedly the result of ; 
number of factors that combine to interfer 
with normal water excretion. 

The remainder of the conference will b 
devoted to an analysis of specific examples o 
the syndrome of hyponatremia. A_ broa 
spectrum of clinical situations is included i 
this syndrome, and at times the speakers ma 
seem to be contradicting each other. Indivic 
ual cardiac patients with hyponatremia, fi 
example, may differ insofar as the pathogen 
sis of the fall in osmotic pressure is concerne: 

I should like to introduce Dr. Mackenz 
Walser, who was formerly associated with ou 
laboratory and is now a member of the D: 
partment of Pharmacology and Medicine : 
Johns Hopkins Medical School. Dr. Wals 
will discuss some aspects of the mechanisms 
of the development of hyponatremia and the 
therapy employed in edematous subjects with 
this syndrome. 

Dr. MACKENZIE WALSER: The role of ADII 
in hyponatremia is difficult to assess because, 
unfortunately, there is no reliable method for 
measuring the rate of production of ADH, 
nor its concentration in body fluids. Leaf and 
Mamby” and others have determined the 
amount of antidiuretic materials in the urine 
of patients with hyponatremia and edem 
This is done by injection of aliquots of uri 
into a water-loaded test animal and measuring 
the change produced in urine flow. In genera 
these experiments have supported the thes 
that hyponatremia is due to overproduction « 
ADH. However, there is no reliable eviden: 
that the antidiuretic substances in the uri 
are identical with ADH, nor that they are tl 
substanees responsible for the antidiures 
seen in the hyponatremie subject. 

Another approach has been to administ: 
alcohol to patients with hyponatremia b 
mouth or by vein, in the hope of suppressin 
the secretion of antidiuretic hormone. It i 
known that alcohol has this effect in norma 
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ubjects. If a water diuresis ensues after 
riving alcohol, it is good evidence that anti- 
diuretic hormone was being secreted before the 
Murdaugh* reported that 
alcohol was successful in producing a water 
diuresis in a number of patients with post- 
perative water retention, and in at least 1 
patient with hyponatremia and edema on a 


‘ardiace basis. On the other hand, Lamdin and 
1 


alcohol was given. 


associates? were unable to produce a water 


liuresis in several patients with hyponatremia 
ind edema by giving alcohol. 


This approach 
s also subject to some uneertainties since 
alcohol does not always inhibit ADH. secre- 
ion. Therefore, a positive response in this 
ype of experiment is more significant than 
negative one. 
A third method of assessing the role of 
DH in hyponatremia is to try to exclude 
me of the other causes of impaired water 
uresis. One possible cause is renal dysfune- 
on. In the course of some studies of the 
luting function in the nephrotic syndrome 
‘ have made some observations on patients 
ho did not have hyponatremia. These are, 
‘vertheless, relevant to the pathogenesis of 
ponatremia because patients with hyponat- 
mia and edema very frequently have re- 
iced filtration rates, whether or not they 
ive frank renal disease. 
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There are at least 3 ways in which renal 
dysfunction might impair the excretion of 
water. First, as Dr. Orloff has mentioned, a 
reduction in the number of functioning neph- 
rons might eventuate in a reduction in the to- 
tal amount of water that could be excreted, 
even though the remaining nephrons were 
diluting normally. Second, salt retention sec- 
ondary to hypoproteinemia might reduce the 
amount of sodium salts reaching the distal 
Third, dis- 
eased tubules might lose their ability to dilute. 


tubule and impair water diuresis. 


The data to be presented indicate that none of 
these factors of itself, in the patients studied, 
can reduce water excretion sufficiently to ac- 
count for hyponatremia, unless water intake 
is very great, or unless ADH is present. 
Figure 1 shows water excretion plotted as 
a function of solute excretion in 3 subjects 
with nephrotic syndrome. In each of these 
subjects a positive water load of 1 liter or 
more was produced and maintained continu- 
ously, while solute excretion was increased by 
infusing either isotonic mannitol or acetazole- 
amide. The shaded area in each graph shows 
the same relationship as that observed in chil- 
dren with nephrogenic diabetes insipidus, and 
corresponds approximately to the relationship 
found in normal subjects. Both urine flow 
and osmolar clearance are calculated per 100 
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ml. of glomerular filtration rate, thus making 
it possible to compare one subject with an- 
other. In this way one obtains an estimate of 
diluting function per nephron unit, provid- 
ing of course that filtration rate per nephron 
remains constant. The heavy lower diagonal 
line (fig. 1) indicates iso-osmotic urine. In 
these subjects, 1 of whom had renal insuffici- 
ency with a filtration rate of 52 ml. per min., 
diluting function thus measured was at least 
as good: as normal, as shown by the dots that 
lie either in or above the shaded area. All 
these patients had hypoproteinemia and mod- 
erate degrees of salt retention. Nevertheless, 


when ADH secretion was suppressed by ad- 
ministering water, their ability to excrete 
solute-free water was the same per nephron 
unit, or more exactly per unit filtration rate, 
as in normals or better. 


Figure 2 shows the results of similar obser- 
vations in 3 patients with more severe renal 
insufficiency. Patient K. P. had a filtration 
rate of 13 ml. per min. and severe chronic 
nephritis. Nevertheless, diluting function ex- 
pressed in this way is as good in all 3 patients 
as in normal subjects. These observations in- 
dicate that neither tubular disease of this type 
nor sodium retention itself need prevent the 
formation of free water by the remaining 
functional nephrons. 

The question was, can the reduction in the 
number of functioning nephrons be sufficient 
to account for hyponatremia even though the 
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remaining nephrons dilute normally? This 
can be answered by calculating how much 
solute-free water would be excreted on a 24 
hour basis if ADH secretion remained sup- 
pressed in these patients. One can caleulate 
from the same data that the rate of solute-free 
water excretion on a 24 hour basis would be 
3 liters for the subject with the lowest filtra- 
tion rate (patient K. P.). Therefore, to keep 
serum sodium low in this patient without the 
aid of ADH, it would be necessary to give 3 
liters of water in addition to another liter for 
insensible loss. Hyponatremia can be pro- 
duced in any subject by giving enough water 
but we are concerned here with persistent 
hyponatremia in the absence of polydipsia o1 
excessive parenteral loads of water. 

These observations in patients with rena! 
disease cast some doubt on the hypothesis that 
water retention may be the result of eithe 
impaired tubular diluting ability in chronic 
renal disease or the result of salt retention 
with inadequate quantities of sodium reach 
ing the diluting site in the distal tubule. On 
the other hand, these data are not relevant to 
the hypothesis that a fall in filtration rate in 
a subject with otherwise normal kidneys maj 
account for hyponatremia in the absence of 
ADH, because the reduced filtration rates 
seen in these patients are not analogous to the 
fall in filtration rate that occurs when renal 
blood flow is reduced. Filtration rate pei 
nephron unit falls when the renal blood flow 
is reduced in a normal kidney, but the reduc 
tion in filtration rate seen in these patients 
with renal disease is presumably due to a re 
duction in the number of functioning neph 
rons. 

Therefore, in order to distinguish betwee! 
the possibility that hyponatremia may be du 
to a reduction in filtration rate per nephro 
unit, and the possibility that persistent ADI 
secretion accounts for hyponatremia, wate 
loads were administered to 6 patients who ha 
low serum sodiums and edema but were ex 
creting concentrated urine. If their hype 
tonic urines were due to reduced filtratio 
rates per nephron unit, a water load shoul 
have little effect on urine concentration sinc 
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is known, as shown by Chasis and Smith,® 
iat water loads influence filtration rates to 
nly a slight extent in human subjects. On 
ie other hand, if ADH were being secreted it 
ight be possible to inhibit this secretion by a 
irther reduction in blood osmolality. 
Figure 3 shows the results in 3 patients with 
yponatremia compared to 6 normal subjects. 
he normal and hyponatremic patients fall 
ito the same general area. <A fourth subject 
ith hyponatremia (not shown in the figure 
ecause filtration rate was not measured) also 
‘sponded to water loading, with urine osmo- 
‘lity falling to 16 mOsm./Kg. Of these 4 
atients who responded to water loading, 2 
ad congestive heart failure with essentially 
o sodium in their urine, and the other 2 had 
he nephrotic syndrome with edema. This 
bservation provides further support to the 
ihesis that sodium retention does not impair 
water diuresis when the latter is expressed in 
this manner. The data from one of these ex- 
periments are shown in detail in figure 4. This 
patient had congestive heart failure thought 
io be due to myocarditis. His serum sodium 
was 120 mEq./L. Before the experiment be- 
van, his urine concentration (shown as black 
dots) was higher than his plasma concentra- 
tion (open circles). After a water load his 
urine concentration fell to 50 mOsm./Ke. and 
his urine flow rose. At the point indicated 
by the right arrow acetazoleamide was in- 
jected and a further rise in urine flow oc- 
curred. Sodium remained absent from the 
urine throughout the experiment. The rise in 
ater excretion was associated with a rise in 
itassium and bicarbonate excretion. This 
bject’s filtration rate was 82 ml. per min. 
d he had no known renal disease. Two other 
tients with hyponatreiita and edema did not 
spond to a water load. Both these patients, 
idied in collaboration with Dr. John Fahey, 
itional Cancer Institute, had neoplastic dis- 
se. The occasional failure to observe a wa- 
‘ diuresis cannot be cited as evidence for 
y proposed mechanism of hyponatremia, 
ice such failures may occur occasionally 
‘n in normal subjects although they are 
rtainly more common in chronically ill sub- 
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jects. These failures to observe a water diu- 
resis are presumably due to the continued 
secretion of ADH conditioned by nonosmotic 
stimuli, such as pain or discomfort. At pres- 
ent it is impossible to evaluate the role of 
these other factors in contributing to the 
production of hyponatremia. 

The 4 patients who responded normally to 
water loads seem to fit best into the category 
of persistent ADH secretion. Since the ADH 
could be inhibited by a further fall in plasma 
osmotic pressure, its secretion was evidently 
being conditioned by osmotic stimuli. Appar- 
ently the osmoreceptor center or ‘‘osmostat’’ 
in these patients has become attuned to an ab- 
normally low level of osmotic pressure. If this 
is correct, it leaves unanswered the question 
of how the readjustment of the osmoreceptor 
center has taken place. One conceivable hy- 
pothesis for which there is admittedly no 
direct evidence is as follows. A number of 
years ago Baldes and Smirk® showed that the 
level of the osmoreceptor center and the secre- 
tion of ADH may be attuned to some function 
of the volume of the body fluids. These au- 
thers administered water load to normal sub- 
jects and observed a fall in plasma osmolality. 
Then these same subjects were depleted of 
sodium and given another load of water. The 
depletion of sodium produced a fall of about 


12 mOsm./Kg. in the plasma osmotic pressure, 
which was greater than the fall produced by 
the water load in the control studies. Never- 
theless, at this lower level of osmotie pressure 
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a response to water loading occurred. The 
extracellular fluid volume was presumably re- 
duced by the salt restriction and the results 
suggest, therefore, that the level of the osmo- 
receptor center was changed. 

The converse experiment was also done by 
giving normal subjects hypertonic salt orally. 
After 3 hours, when the serum sodium was 
still high, a water load was given and usually 
a water diuresis was observed. Apparently, 
under these circumstances, an elevation in the 
extracellular fluid volume had raised the 
level to about that at which the ADH mecha- 
isin Was operating. In patients with hypo- 
natremia and edema, extracellular fluid vol- 
ume is obviously increased ; yet the setting of 
the osmoreceptor center is reduced, according 
to the data presented above. This paradox 
has been considered at length with respect to 
sodium retention. Similar considerations may 
apply to the problem of water regulation. Vol- 
ume may conceivably be reduced in some 
critical area. 

Finally, I should like to discuss the way we 
treated these subjects. Water intake was re- 
stricted to about a liter a day in every patient. 
In some cases a 25 to 40 per cent urea solution 
Was given orally, in doses from 50 to 100 Gm. 
Mannitol was given intravenously as either 
a 15 or 20 per cent solution in quantities of 1 
or 2 liters. These solutes hasten the correction 
of hyponatremia because they induce a nega- 
tive water balance, i.e., they require for exere- 
tion more water than is given with them. This 
form of therapy is less effective in the absence 
of sodium retention because under these condi- 
tions the osmotic diuresis sweeps out sodium 
as well as water. Any number of solutes 
might be employed for this purpose and it is 
probably safe to say that almost any solute, 
which is not metabolized, given without water, 
This ineludes 
potassium chloride for example. Solutes that 


will raise the serum sodium. 


are confined to the extracellular space, such as 
mannitol, lower the serum sodium transiently 
and then raise it as they are excreted. Unfor- 
tunately, the correction of hyponatremia in 
these patients was not associated with any 


striking clinical improvement. But they all 
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had severe illnesses and it is difficult to eval- 
uate the role of any single factor in their 
clinical course. It is worthy of note, however, 
that none of them complained bitterly of 
thirst, as do patients who are treated with 
hypertonic saline. 

In summary, the data presented suggest that 
hyponatremia occurring in these subjects 
could best be attributed to the continued se- 
cretion of ADH, as the result of the osmore- 
ceptor center having become attuned to a 
lower level of osmotic pressure. 

QuEsTION: Did you make any gross meas 
urements of renal function—the NPN rise, for 
example—in patients with” renal disease and 
hyponatremia who were treated by restricting 
water? Also, how much was water intake re- 
stricted ? 

Dr. Waser: The extent of water restric 
tion depended somewhat on the solute intake. 
In patients who were getting no salt in their 
diet or who did not have to have large quanti- 
ties of parenteral solute, water was restricted 
to a liter a day. We were able to measure 
renal function in 2 patients after bringing 


the serum sodium back up. One was slightly 


higher and the other was slightly lower. 
Dr. OrLOoFF: Irrespective of the cause o! 
hyponatremia, water restriction obviously will 
elevate the plasma sodium and plasma osmo 
lality. This in itself cannot be used as an 
argument concerning the pathogenesis of the 
lowered serum sodium in a specific case. 
QUESTION: Dr. Walser mentioned the pos 
sibility of changes in volume effecting a 


Is this an im 
portant factor, for instance, in the adrenalec 


resetting of the ‘‘osmostat.’’ 
tomized patient maintained on cortisone whi 
is subjected to sodium restriction? The orig 
inal loss is that of extracellular fluid. If thir 
continues, one develops hyponatremia an 
there is some evidence that this is in relatio! 
to ADH secretion. There is nothing obviou 
to stimulate secretion of ADH except som 
change in extracellular fluid and plasma vol 
ume. 

Dr. Wauser: Yes, | think that hypothesi 
makes more sense in the sodium-depleted pa 
tients than in the edematous ones. 
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Dr. OrLtorr: In the Addisonian or in any- 
me whose extracellular fluid volume is seri- 
uusly depleted, fiitration rate also falls appre- 
‘iably so that it is questionable whether one 
ieeds to interpose increased secretion of ADH 
0 account for hyponatremia, although it may 
vw a factor. I do not believe the evidence for 
nereased secretion of ADH is particularly 
-onvineing, one way or the other. 

QuEsTION: Urine osmolality may reach a 
evel of 500 mOsm./L. at a time when glomer- 
ilar filtration, as measured by creatinine 
‘learances, is perhaps only 70 per cent of the 
nitial value. 

Dr. ORLOFF: This may be evidence of ADH 
secretion, although a fall in filtration rate of 
itself may result in urine hypertonicity in the 
dog. 

Dr. Kennedy will discuss the significance of 
hyperkalemia and acidosis in patients with 
edema and hyponatremia. This is an inter- 
esting aspect of the problem which, as far as 
we know, has not been considered in any de- 
tail before. . 

Dr. THomas J. KENNEDY: Until recently, 
hyponatremia and hypo-osmolality in patients 
with congestive heart failure had been inter- 
preted as salt depletion, and hypertonic saline 
was often administered therapeutically. A not 
infrequent sequel was catastrophic pulmonary 
<lema. The fact is that salt depletion never 
0-exists with significant edema ; hyponatremia 
i the edematous patient with heart failure 
ignifies water retention. Recent interest has 
ocused on the mechanism responsible for the 
lilution of body fluid compartments. I should 
ike to discuss a patient studied at the Clinical 
‘enter recently who presented features that 

ave not »veen emphasized heretofore in the 
terature. She is typical of a small number 

' patients who have demonstrated essentially 

ie same condition in either chronic form or 

ute episodes. It is not known how represen- 


itive these cases are of the dilution syndrome 
en so frequently in congestive heart failure. 
lowever, on the basis of the data collected, a 
‘tative formulation of the pathogenesis of 


ie syndrome in this case is advaneed, with 
few comments on therapy. 
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The patient was a 29 year old single white 
woman who was admitted to the Clinical Cen- 
ter in April 1957 for cardiac surgery. The 
presence of stenosis and insufficiency of aortic, 
mitral, and tricuspid valves was established, in 
addition to congestive heart failure, and mitral 
and tricuspid commissurotomies were per- 
formed in early June. One week postopera- 
tively she was found to have hyponatremia, 
hypo-osmolality, and azotemia while still 
markedly edematous. Repeated serum elec- 
trolyte determinations preoperatively and 
the blood urea nitrogen had been normal. In 
addition, the unusual feature in this ease, as 
in 3 others studied, was striking hyperkalemia. 
Other patients in the group also showed a 
mild acidosis. We wondered, therefore, 
whether the whole picture could be put to- 
vether in terms of a single physiologic disloca- 
tion, namely, a severe reduction in the sodium 
load presented to the distal tubule. 

The results of renal function studies are 
tabulated in table 1. 
tremely low. Glomerular filtration rate was 
about 40 per cent of the expected rate, a wash- 
out error indubitably contributing to the high 
value for the inulin clearance seen in the 
fourth period. The rates of excretion of so- 
dium, potassium, titratable acid, ammonium, 


The urine flow was ex- 


and osmotically active solute were all reduced. 
The urine was concentrated and the free water 
clearance was negative. After the third peri- 
od sodium sulfate was administered for the 
control of hyperkalemia. Since the nephron’s 
reabsorptive capacity for this anion is limited, 
most of the filtered sulfate remains intralumi- 
nal and is excreted together with some cation, 
which was predominantly potassium in this 
case. The kaluresis was accompanied by a fall 
in plasma potassium, which continued beyond 
the termination of the tabulated study as indi- 
cated by the even lower plasma potassium con- 
centration measured 18 hours later. Other 
effects of the administration of this essentially 
nonreabsorbable anion are increments in the 
excretion rates of titratable acid and ammo- 
nium, and a sharp decrement in the osmotic 
pressure of the urine, despite only a modest 
rise in the osmolar excretion rate. 
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TABLE 1.—The Effect of Sodium Sulfate on Water and Electrolyte Excretion and Plasma 


Composition in a Patient with Hyponatremia and Hyperkalemia 


“Plasma 


Vv GFR* Nat K+ T.A+ NH pH U UV Tcajo ‘Nat K+ O.P.t 


osm psm 
Time (ml. (ml. (mOsm./ (“Osm., (ml. / (mEq./ (mEq./ (mCsm./ 
(min.) min.) min.) 


(yuEq./ min.) L.) min.) min.) L.) L.) L.) 


Excreted 


0 Priming inulin and paraamino hippuric acid. Start sustaining inulin and paraaminohippurie acid 
at 1 ml./min. 


246 
3 242 
5.3 249 


242 


0.11 of : j 9 
0.18 ‘ 9 
0.11 33 ¢ ) 9 


Add infusion 1050 #Osm./min. sodium sulfate 


138-158 0.44 : 44 
158-198 0.47 37 2 81 
198-230 0.35 ye j 90 


230-259 0.42 oe ; 87 
260 Discontinue infusion 
1320 
“GER = Glomerular filtration rate. 


*T.A. = Titratable acid. 
tO.P. = Osmotic pressure. 


In these patients the severe reduction in 
the glomerular filtration rate must effect a 
very remarkable decrease in the volume of 
isotonic urine and thus in the absolute amount 
of sodium chloride reaching that segment of 
the distal nephron in which urine is diluted 
by the active transport of sodium chloride. The 
reduced glomular filtration rate in these cases 
is secondary to reduced cardiac output and the 


increased tubular reabsorptive capacity for 


sodium characteristic of heart failure (sec- 
ondary hyperaldosteronism). Therefore dilu- 
tion must be slight, and the subsequent with- 
drawal of a minimal amount of water in the 
collecting system could result in the elabora- 
tion of a concentrated urine. Sulfate or any 
other agent that restricts proximal sodium 
chloride transport should thereby increase the 
distal load, permit more significant dilution, 
and result in the excretion of a less concen- 
trated urine. The critical question is, could 
the reduction in distal sodium load, of the 
magnitude inferred in this patient, account 
for the osmotic U/P ratio observed? Relevant 
data come from observations by Berliner and 
Davidson.’ During experiments in which fil- 


1142 
509 
699 
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tration rate was reduced unilaterally by the 
constriction of a preinstalled renal clamp, 
they measured the osmotic pressure of the 
urine in water-loaded dogs in which ADII 
activity may be assumed to have been in abey- 
ance. At low rates of osmolar excretion and 
of glomerular filtration, osmolar U/P ratios 
approaching 2 were encountered. The osmo- 
lar U/P ratio seen in this acute experiment 
was much higher than 2 and possibly requires 
the assumption of some ADH activity. The 
procedure was relatively strenuous, and easily 
could have resulted in stimulation of ADH 
output. For the greater port of this patient's 
80 day balance study, however, osmolar output 
was very low. It averaged about 100 micro- 
osmols per minute or 150 mOsm. per day, and 
osmolar concentration was not very high, aver- 
aging perhaps 600 mOsm./L. with an osmoti 
U/P ratio of about 2.5. 

Here, then, is a clinical situation in which 
the reduction in filtration rate and osmolar 
load were greater than the bulk of the obser- 
vations in water-loaded dogs with one con- 
stricted renal artery, and in which the osmolat 
U/P ratio was only slightly higher than that 





HYPONATREMIA 


achieved in an animal in which we may be 
-ertain no ADH activity was operative. When 
the distal sodium load was increased by diu- 
reties, such as sodium sulfate, mannitol, and 
mereurials, the urine became dilute as the 
osmolar load increased. These observations 
are at least compatible with the idea that the 
reduced distal sodium load per se is respon- 
sible for the hypertonic urine. The possibility 
remains, however, that the permeability to 
water of the distal nephron and collecting sys- 
tem has been increased by ADH. If this is 
true, it is obvious that the ADH release has 
heen triggered either by lower than normal 
osmolar concentration in body fluid, the reset 
‘‘osmostat,’’ or by some ill-defined nonosmotie 
stimulus. 

Several features of the long-term course of 
this patient’s illness warrant comment. In 
these patients, in contrast to those of Dr. 
Walser, water restriction was nota very prac- 
tical therapeutic measure. From about the 
twelfth to thirtieth day of this study, the 
water intake in all forms except preformed 
dietary water (estimated to be about 500 ml. 
per day) was limited to 250 ml. per day. De- 
spite such severe restriction in water intake, 
the patient failed to lose weight or increase her 
plasma osmolality; apparently she was able 
to limit water losses very efficiently. 

Another point of interest is that osmotie 
liureties, such as mannitol and sulfate, did not 
result in significant water or weight losses at 
losage levels within limits practical for rou- 
ine clinical application. On the other hand, 
vhen mercurial diuretics were administered 
vith aminophylline after preloading with am- 

1onium chloride, they produced a diuresis of 

dium and water, a sharp fall in urinary 
smotie pressure, and a return toward normal 
alues of plasma sodium and osmotic pressure. 

‘our injections of mercaptomerin effected an 

Kg. (18.2 per cent) decrease in body weight. 

Recalling the days when ‘‘salt-depleted pa- 

ents’? such as this one were treated with 

vpertonic saline, note the apparent paradox 

1 which this particular so-called ‘‘low salt 

‘ndrome’’ was ameliorated by salt depletion. ) 

lso of interest was the inability to excrete 
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water loads. On approximately the thirty- 
fifth day, water intake was increased in this 
patient and was followed by weight gain and 
further dilution of the serum sodium. 

The patterns of potassium excretion in this 
type of patient are of some interest. For 
practical purposes it may be assumed that the 
filtered potassium is completely reabsorbed in 
the proximal tubule, and that all excreted 
potassium has been secreted by the cells in the 
distal segment.*-!” 

Potassium and hydrogen ion in these cells 
compete for an exchange mechanism that 
transfers them into the lumen and simultane- 
ously transports sodium out of the lumen. 
Ordinarily, the capacity of the mechanism is 
not completely utilized due to an inadequate 
amount or concentration of counter ion. An 
increased delivery of sodium to this site, as 
in electrolyte diuresis, results in an increase 
in potassium and acid excretion. Conversely, 
reduction in the load of counter ion by in- 
creased proximal sodium reabsorption reduces 
potassium and acid excretion. The primary 
effect of mercurial diuretics is to inhibit po- 
tassium transport, but the actual change in 
potassium excretion which follows is condi- 
tioned by 2 other factors, the distal sodium 
load and the capacity of the exchange system. 
Mercurials are usually employed in situations 
in which the capacity of the system is in- 
creased and in which the load of counter ion 
is reduced. By inhibition of proximal sodium 
transport, the diuretic increases the distal so- 
dium load. Thus the ion exchange mechanism, 
even though inhibited by mereury, may actu- 
ally secrete more potassium through its un- 
inhibited and previously unused _ residual 
capacity. It seemed reasonable to assume that 
in these patients the capacity of the exchange 
mechanism was increased as well as under- 
utilized due to the reduced distal sodium load. 
Potassium and acid retention ensue with 
hyperkalemia and acidosis. 

It was apparent in our studies that manipu- 
lations assumed to increase distal sodium 
load, e.g., administration of sulfate, mannitol, 
or mercaptomerin promoted the excretion of 
potassium, ammonium, and titratable acid and 
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simultaneously lowered plasma potassium. 
Mercurials appeared to be the most effective ; 
mannitol the least effective. Chlorothiazide 
(Diuril), a new oral diuretic, caused a small 
but consistent increment in potassium excre- 
tion. It is also evident that only a fraction 
of this patient’s modest daily potassium intake 
(34 mEq.) 
measurements were not made. The persistent 


appeared in her urine. Fecal 


hyperkalemia probably reflects continuous 
slight positive potassium balance. The hazard 
of induction of hypokalemia by therapy should 
not be minimized as the capacity of the so 
dium potassium exchange mechanism is un 
doubtedly supranormal. Plasma _ potassium 
levels under 3 mEq./L. were observed in this 
patient on several occasions following sulfate 
and mercurial administration. The hazard of 
hypokalemia also restricts considerably the use 
of sodium sulfate for its osmotie effect. 

In summary, we have presented one of a 
group of cases seen at the Clinical Center re 
cently in whom water retention occurred in a 
setting of severe congestive heart failure. All 
were hyperkalemic and several were acidotic. 
It is proposed that the hyperkalemia and aci- 
dosis reflect renal retention of potassium and 
hydrogen ion secondary to a distal tubule 
sodium load sufficiently low to preclude ionic 
exchange and subsequent excretion of these 
ions. It is further proposed, tentatively, that 
water retention and urinary hyperosmolality 
may be due to the same fundamental defect 
and need not require, in addition, the invoea- 
tion of abnormally initiated ADH activity. 

Dr. OrLorr: I should like to repeat my 
earlier statement that at times the speakers 
may seem to be contradicting each other. De- 
spite the fact that both groups of patients 
under discussion were edematous, the mecha- 
nism of the development of hyponatremia in 
each differed considerably. 

Dr. Frederic C. Bartter will discuss hypo- 
natremia in nonedematous patients with pul- 
monary disease. 

Dr. Freperic C. Bartrer: First, I should 
like to describe a syndrome of hyponatremia 
with continued urinary sodium loss in 2 pa- 
tients with pulmonary tumors studied recently 
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by Drs. Schwartz, Bennett, Curelop, and me." 
Then I should like to present our hypothesis, 
which explains the abnormalities of salt and 
water metabolism. Finally, I shall try to re- 
late this syndrome to that of hyponatremia in 
other types of pulmonary disease. 

The 2 patients were men with bronchogenic 
carcinoma. Both developed marked, progres- 
sive hyponatremia with continued urinary loss 
of sodium. There were no symptoms attrib- 
utable to the salt loss, and no symptoms or 
signs to suggest dehydration or loss of total 
body fluid volume at any time. Blood pres- 
sure was persistently normal in one and high 
in the other. In one, ‘‘spaces’’ were deter- 
mined when the serum sodium was 112 mEq. 
L. and showed extracellular fluid volume to 
be substantially above normal. In both, fall 
of serum sodium concentration occurred with 
out change in body weight—and thus in total! 
body water. 

Adrenal function was essentially normal in 
both: 17-hydroxycorticoids were normal and 
rose normally, as eosinophils fell, with ACTH 
Aldosterone exeretion was normal. Serun 
potassium was persistently normal in both. 
and there were no clinical signs pointing to 
hypoadrenocorticism. 

Renal function, too, was essentially norma! 
in both: urinalyses gave normal results, blood 
urea nitrogen was never elevated, renal plas 
ma flow was normal, and inulin clearance was 
normal in one and high in the other. Th 


kidneys were essentially normal on histologi 


examination. Sodium-retaining steroids pro 


duced retention of sodium, loss of potassium 
and weight gain in both subjects, showing tha 
they did not have ‘‘obligatory’’ tubular so 
dium loss. 

Salt ‘‘loads’’ in these patients raised th 
serum sodium only transiently ; despite sever: 
hyponatremia, a large proportion of the ad 
ministered sodium appeared in the urine. Thi 
is shown in figure 5, which shows also tha 
weight gain did not occur when the serun 
sodium was raised in this way. The sam 
phenomenon is shown for the other subject i) 
figure 6. 
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Fic. 5 Left. Urine sodium, serum sodium concentration, and body weight during a 12 day 
balance study of W. F. Dietary sodium intake was as follows: days 1 to 7, 80 mEq.; day 8, 


180 mEq.; days 9 to 12, 326 mEq. (Reprinted by permission from the American Journal of 


Medicine." ) 


Fic. 6 Right. Urine sodium, urine and serum osmolality, serum sodium coneentration, body 


weight, and steroid therapy during a 35 day balance study of W. A. 


Dietary sodium intake 


was as follows: days 1 to 9, 62 mEq.:; days 10 to 35, 42 mEq. Supplementary sodium intake 


is indieated by arrows. (Reprinted by permission from the American Journal of Medicine.")) 


The phenomenon that suggested to us the 
nechanism responsible for the syndrome is 
also illustrated in figure 6: in both patients 
ihe urine was consistently hypertonic to the 
In subjects with normal filtration 
ites, this may be taken as prima facie evi- 


plasma. 


dence of the presence of antidiuretic hormone. 
When pitressin and water are given to nor- 
al subjects,!* 1° they gain weight and de- 
lop hyponatremia with urinary sodium loss. 
ieir urine is, of course, persistently hyper- 
nic to their serum. The urinary sodium loss 
pears to result both from the increases in 
merular filtration rate they regularly de- 
lop and from depression of aldosterone 
‘retion (if initially high) or its failure to 
e with sodium loss (if initially low). If 
ter is withheld during the pitressin therapy, 
wever, sodium and water metabolism remain 
rmal., 
"his brings us to the hypothesis. We pos- 
ated that the disease process in these pa- 
its leads in some manner to the persistent 
fonomous and inappropriate secretion of 


antidiuretic hormone, and that the hyponat- 
remia and sodium loss result from this as 
they do in normal subjects. 

This hypothesis was strengthened by the 
finding that both subjects could maintain nor- 
mal sodium and water balance when moder- 
ately deprived of water (fig. 7), but promptly 
developed the full syndrome when additional 
water was given. Although the hypothesis 
appeared to fit all the facts, there was no evi- 
dence that patients with persistent antidiu- 
retie hormone production would voluntarily 
drink until the syndrome appeared. We tested 
this by giving pitressin ‘‘blind’’ to 2 people 
with normal renal and adrena! function on ad 
libitum water intakes. They voluntarily drank 
enough water to develop hyponatremia and 
maintain it for 2 weeks. 

Finally, I should like to consider briefly the 
possible relation of this syndrome to that of 
‘‘nulmonary salt loss’! and ‘‘cerebral salt 
loss’’!4 in general. With the evidence at hand, 
it is not possible to say that all such cases can 
or cannot be explained as manifestations of 
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Fig. 7. Fluid intake, urine sodium, serum sodium 
concentration, and body weight during a 7 day study 
of W. F. 
2X [Na] + [K]) ranged from 280 to 440 on days 
4 through 7. 


Minimum osmolality of urine (based on 


(Reprinted by permission from. the 
American Journal of Medicine."') 


inappropriate secretion of antidiuretic hor- 
mone. Indeed, many of them meet some of 
the criteria for such an explanation : they have 
expanded extracellular fluid volumes and lose 
sodium in-the urine as hyponatremia develops. 
They may differ from our subjects in having 
a ‘‘floor’’ below which their serum sodium will 
not fall—a finding that suggests a new ‘‘set- 
ting’’ of the osmoreceptor to explain the syn- 
drome. For 2 reasons such a hypothesis 
appears most unlikely in the case of patients 
reported here. In the first place, no ‘‘floor’’ 
could be found in our patients. For example, 
one was still secreting a concentrated urine 
containing sodium when his serum sodium had 
reached 102. In the second place, when the 
serum osmolality was brought back to a nor- 
mal level of 280 milliosmolal with desoxycorti- 
costerone, urine tonicity not only did not rise 
but fell markedly, despite a decrease in the 


total solute in the urine. If osmoreceptors 
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had been ‘‘set’’ for, say, 240, then 280 would 
represent severe hypertonicity and antidiu- 
retic hormone output should have been maxi- 
mal, and urine volume minimal, at this time. 

The final decision as to whether these 3 
groups of patients fall into different, or essen- 
tially the same, categories requires further 
critical data. 

Dr. OrLorr: Are there any questions? 

Question: Dr. Orloff, in your introductioi 
you predicted that there might be some ap 
parent contradictions in the subsequent talks 
I wonder if you would describe them and in 
dicate why they are only apparent. 

Dr. OrLorr: Although @ifferences of opin 
ion may exist concerning a specific case o 
hyponatremia, none of the speakers has pre 
sented really contradictory evidence regard 
ing the pathogenesis of the syndrome. | 


should be clear from the discussion that pa 


tients with edema and hyponatremia ma‘ 
differ markedly insofar as the basis for th 
lowering of plasma sodium is concerned. This 
is also undoubtedly true for nonedematous 
hyponatremie patients. One has to analyze 
the individual situation somewhat as I out 
lined it in my introduction, listing the possible 
defects that might lead to inadequacy of water 
excretion. Certainly no one has questioned the 
primary premise that hypo-osmolality is al 
ways secondary to dilution; that is, retention 
of water in excess of solute. 

Dr. Kennedy presented evidence that in the 
patients he studied, reduction in filtration rate 
and increased capacity of the proximal seg 
ment to reabsorb sodium limited the amoun 
of sodium reaching the diluting segmen 
thereby providing the basis for inadequacy « 
water exeretion and dilution hyponatremi: 
He also conceded that increased ADH seer 
tion may have been another factor involve: 
Dr. Walser argued that reduction in filtratio 
‘ate per se in certain nephrotics may not | 
the only cause of hyponatremia, since dilutin 
capacity per unit of glomerular filtration wi 
normal. He postulated that persistent AD! 
secretion was required to effect hyponatrem) 
in the patients studied. Dr. Bartter argue 
on the basis of his experimental evidence thi 
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‘inappropriate’? ADH secretion in 2 patients 
with pulmonary tumors was the basis for the 
syndrome of so-called ‘‘ pulmonary salt-wast- 
ing,’’ that is, hyponatremia and natriuresis. 
This is a very interesting suggestion and in 
some details is at variance with a hypothesis 
presented some years ago. At that time it was 
postulated that a primary decrease in intra- 
cellular osmolality, presumably accomplished 
by inactivation of cell cation, was the essential 
defect in patients of this nature. Though not 
clearly stated at that time the sequence of 
events, if sueh a defect does exist, might be 
analogous to that described for resetting of 
the osmostat. If this were correct, ‘‘pulmo- 
nary salt wasters’’ should respond to water 
loads in a normal fashion, albeit at a lower 
steady state concentration of plasma sodium. 
Ilowever, the cause of the enhanced salt ex- 
cretion must be sought elsewhere. It was 
originally argued that the latter occurrence 
Was a compensatory response to the fall in 
intracellular osmolality. The arguments 
against this hypothesis are that gross estima- 


tions of water excretion were always abnormal 
and that in Dr. Bartter’s subjects, at least, 
sodium excretion did not cease on a low salt 
diet. The latter was not true of the patients 
studied by Sims et al.' and is perhaps indica- 
tive of a difference in pathogenesis. More 
study is necessary to resolve these inconsisten- 


cies, 
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Data are presented concerning 89 patients with 

hemopericardium found in 1,229 autopsies of a 

total of 1,303 patients who died of myocardial 

infaretion at the Ulleval Hospital in Oslo, Nor- 
way, during the period of January 1, 1945 to July 

1, 1956. Of this group 81 had myocardial rupture, 

3 had rupture of the aorta, and 5 showed hemo- 

pericardium without demonstrable local cause. 

These 5 eases occurred among the 33 patients 

receiving anticoagulant therapy. Observations in 

this series indicated that anticoagulant therapy) 

increased the risk of hemopericardium, with 01 

without cardiac rupture, largely because of a 

overdose of anticoagulants. 

SAGALL 


Lange, H. F., and Aarseth, S.: The Influence of 
Anticoagulant Therapy on the Occurrence of 
Cardiac Rupture and Hemopericardium Follow 
ing Heart Infarction. II. A Controlled Study 
of a Selected Treated Group Based on 1,044 
Autopsies. Am. Heart J. 56: 257 (Aug.), 1958 
In an autopsy study of fatal cardiae infarction 

69 patients receiving effective anticoagulant ther 

apy were compared with a group of 72 contro 

patients of corresponding age and sex in regard 
to the incidence of hemopericardium. The in 
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idence of hemopericardium (1 patient) or myo- 
ardial rupture (14 patients) in the treated group 
vas about twice as large (15 patients out of 69) 
s in the control group (8 patients out of 72). 
SAGALL 


-riest, E. M., and Pauli, H. G.: Phenprocoumon 
(Marcumar). I. An Agent for Short-Term Anti- 
coagulant Therapy. Am. J. Cardiol. 2: 61 
(July), 1958. 

A brief experience with phenprocoumon ther- 
py of acute thromboembolic conditions in 160 
\ospitalized patients is described. The agent was 
iven in daily oral doses aimed at prolonging the 
Juick one stage prothrombin time to 20 to 35 see- 
mds. No thromboembolic breakthrough was 
letected during therapy. There were 4 minor 
mud 2 major hemorrhages associated with the 
prothrombinopenia, and the latter regularly re- 
sponded to vitamin K or K, administration. It 
was concluded that phenprocoumon is a satisfae- 
tory drug for short-term anticoagulation. 


RoGers 


Tudhope, G. R., Cohen, H., and Meikle, R. W.: 
Alopecia following Treatment with Dextran 
Sulphate and Other Anticoagulant Drugs. Brit. 
M. J. 1: 1034 (May 3), 1958. 
Pharmacologically, dextran sulfate resembles 

heparin in its action but has a more prolonged 

anticoagulant and greater cumulative effect. The 
commonest toxie effeet of dextran is transient 
alopecia, which appears several weeks after treat- 
ment is stopped. The authors observed severe 
ilopecia in 8 of 15 patients who were followed 
or at least 3 months after receiving 90,000 or 
nore units of dextran sulfate. In 3 of these pa- 
ients, alopecia was not apparent until 2 months 
fter the end of treatment. The incidence of 
ilopecia is much less with smaller doses of dex- 
ran and, in faet, in this study it oceurred in 
nly 2 of 12 patients who received less than 
1,000 units of dextran sulfate along with a cou- 
iadin anticoagulant. Of 60 patients treated with 
eparin and a coumadin anticoagulant, 3 reported 
ild or moderate loss of hair following therapy. 
iarrhea and depression of the platelet count 
ere also noted in a few patients who received a 
rge total dose of dextran sulfate. The mecha- 
sm by which dextran sulfate produces its effect 

\ hair growth is unknown. It is suggested that 
‘parin possibly interferes with the metabolism 
the naturally occurring sulfated polysaccha- 
des or the sulfur containing amino-acids. The 
xi¢ effects of dextran, namely: alopecia, diar- 
iea, thrombocytopenia and anorexia are similar 

) the effeets produced by whole-body irradiation, 
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nitrogen mustard, and other antimitotic sub- 
stances. Int this respect, both heparin and dextran 
are probably antimitotic too. Furthermore, a 
heparin-like substance may be present in the 
blood of man following therapeutie doses of ni- 
trogen mustard and in the blood of animals after 
whole-body irradiation. 


KRAUSE 


CONGESTIVE HEART FAILURE 
Wirth, W.: A New Anti-Carbonic Anhydrase Di- 
uretic. German Med. Monthly 3: 144 (May), 

1958. 

Results of administration to animals of diphe- 
nylmethane-4-4’-disulphonamide (Nirexon) a new 
carbonic anhydrase inhibitor are reported. In 
prehydrated rats oral administration of the drug 
in dosage of 30 mg. per Kg. of body weight in- 
creased diuresis by 40 per cent after 3 hours, 57 
per cent after 6 hours, and 37 per cent after 22 
hours when compared with the control values in 
the same animals. Maximal diuretic activity was 
obtained with a dose of 50 mg. per Kg. of body 
weight, when maximal blood levels of the drug 
were reached in 3 or 4 hours. No unpleasant or 
harmful side effeets were observed in acute and 
chronie experiments with the drug in dogs, eats, 
rabbits, and rats. 


SAGALL 


ENDOCARDITIS, MYOCARDITIS, 
AND PERICARDITIS 


Bain, R. C., Edwards, J. E., Scheifley, C. H., and 
Geraci, J. E.: Right-Sided Bacterial Endocar- 
ditis and Endarteritis: A Clinical and Patho- 
logic Study. Proc. Staff Meet. Mayo Clin. 33: 
182 (April), 1958. 

Bacterial endocarditis has a definite predilee- 
tion for the left side of the heart. The incidence 
of isolated right sided bacterial endocarditis is 
about 5 per cent. Twenty-three patients with 
bacterial endocarditis or endarteritis in which 
the vegetations were predominantly or exclusively 
on the right side of the heart or in the pulmonary 
artery are reviewed. A clinical diagnosis was 
made in only 26 of these patients, and in only 3 
was the location of the vegetations correctly 
determined. The absence of a significant cardiae 
murmur in 15 of the 23 patients was the greatest 
single diagnostie obstacle. In no patient without 
a murmur was the disease correctly diagnosed. 
The relative incidence of various symptoms and 
signs in the patients without a murmur was as 
follows: fever 93 per cent, leukocytosis 92 per 
cent, pulmonary symptoms 87 per cent, anemia 
79 per cent, positive blood cultures 73 per cent, 
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hematuria 70 per cent, and splenomegaly 7 per 
cent. From this data it is apparent that signs 
of infection, evidence of pulmonary infarction 
without disease in the peripheral or pelvie veins, 
anemia, positive blood cultures, and microhema- 
turia should always suggest the diagnosis of 
right-sided bacterial endocarditis, despite the ab- 
sence of a significant cardiac murmur. Extensive 
pulmonary infaretion with generalized sepsis was 
by far the most common cause of death in this 
series (74 per cent). 
KRAUSE 


Laconi, A.: The Dynamics of the Left Ventricular 
Border in Chronic Constrictive Pericarditis: An 
Analytic Roentgenkymographic Study with Re- 
marks on the “Flat Top and V” Electrokymo- 
graphic Pattern. Am. Heart J. 56: 73 (July), 
1958. 

A group of 16 subjects with chronie constrictive 
pericarditis, including 12 operated upon by peri- 
cardiectomy, were studied by analytie roentgen- 
kymography. The results of this method of study 
of the left ventricular border were compared 
with those of eleectrokymography. In 9 patients 
the tracings on the left ventricular border showed 
absence of any cyclic phenomena with a straight 
line, due to standstill of the ventricular border. 
In 7 cases the cycles were clearly evident but 
their contour was greatly deformed, showing a 
“trapezoid” pattern corresponding to the diastolic 
“flat top and V” pattern described in the electro- 
kymogram. These tracings exhibited a_ steep 
lateral movement during rapid filling, and stand- 
still during slow filling. The steepness of the 
slope of the systolic descending limb was equal 
to that of the ascending limb of rapid filling 
resulting in a trapezoid form to the pattern. On 
the basis of the kymoanalytie results it is sug- 
gested that the nonuniform findings obtained by 
electrokymography in chronic constrictive peri- 
carditis may be explained by the facts that the 
trapezoid is not a constant finding in these cases 
but is only statistically prevalent and that even 
in those cases with a trapezoid type of left ven- 
tricular movement, the electrokymogram may be 
deformed by variations in the density of the 
paracardiac shadows. 

SAGALL 


Selye, H.: Production by Various Fats of Myocar- 
dial Necroses in Humorally Conditioned Rats. 
Proce. Soc. Exper. Biol. & Med. 98: 61 (May), 
1958. 

Highly active corticoids, such as 2a-methyl-9a- 
chloroeortisol (Me-Cl-COL)+ plus sodium phos- 
phates (Nas.HPO,, NaH,PO,), invariably produce 
jnfarctoid lesions in the myocardium of the rat. 
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The author used these chemicals in conjunction 
with animal, plant, and mineral oil. The degree 
of myocardial necrosis and nephroealeinosis nor- 
mally produced by the combined treatment with 
Me-Cl-COL and NasHPO, was considerably in- 
creased by the administration of plant and animal 
fats, but uninfluenced by the mineral oil. 


KRAUSE 


Giraud, G., Latour, H., Puech, P., Olivier, G., anc 
Hertault, J.: Filarial Cardiopathy. Hemody 
namic Study. Arch. mal, coeur 51: 546 (June) 
1958. 

Cardiae failure with marked eosinophilia, in : 
patient known to have filariasis, is reported. Th: 
favorable effcct of treatment with corticoids i 
described; specific treatment was introduced on] 
after prolonged use of the corticoids. The regres 
sion of the electrocardiographie signs of sub:n 
docardial involvement is illustrated. The earl 
dip and plateau of the right ventricular pressur 
curve and the M contour of the right atria 
tracing, typical of the constrictive svndrome, per 
sisted however after compensation. It was sug 
gested that the constriction was not the mos! 
important factor of failure. A delay between 
electrical and mechanical systole was observed it 
this patient and was found also in other published 
reports of the constrictive syndrome of endocar 
dial origin. This delay was not found in constric 
tive pericarditis. The patient was deseribed as 
an example of fibroplastic parietal endocarditi 
due to an allergie reaction caused by filariasis. 


CALABRESI 


HYPERTENSION 


Redleaf, P. D., and Tobian, L.: The Question of 
Vascular Hyper-Responsiveness in Hyperten- 
sion. Circulation Research 6: 185 (March), 195s 
Spirally cut strips of aorta from hypertensive 

rats did not show hyperresponsiveness to norep 

nephrine, compared to the aorta from normote) 
sive rats. There were 2 distinct factors tha! 
might cause an apparent hyperresponsiveness < 
hypertensive subjects to pressor agents in tl 
absence of an actually greater shortening « 
circular smooth muscle fibers. First, waterlo: 
ging and hypertrophy, by increasing the wa 


thickness of arterioles, could produce appare) 
hyperresponsiveness. Second, a slight decreas 
in cross sectional areas of the arteriolar lume 
as a result of possible preexisting smooth muse 
contraction could also create a situation of appa 
ent hyperresponsiveness. 


AVIADO 
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Arnold, O. H., and Bock, K. D.: The Problem of 
Postnephritic Hypertension. German Med. 
Monthly 3: 175 (June), 1958. 

In 14 patients with acute glomerulonephritis 
vho were observed for many years it was noted 
hat the urinary signs of nephritis regressed 
ompletely, while arterial hypertension—indis- 
inguishable from essential hypertension—became 
rogressively more prominent. The urinary con- 
‘entration tests were normal in all patients and 
here was no retention of urea. Paraaminohip- 
yurie acid and inulin clearances were normal in 
7 eases and abnormal in 7. In this latter group 
he abnormality in the clearance tests was eon- 
sidered to represent a residual defect after heal- 
ing of the nephritis. The persistent hypertension 
n these patients with its independent course 
after healing of the renal lesion is termed “post- 
uephritie hypertension” by the authors. This 
term is meant to highlight the point of practical 
importance that persistent hypertension may oe- 
cur after acute glomerulonephritis in the absence 
of clinieal signs of an inflammatory renal lesion. 
A hypothesis is also suggested for the pathogene- 
sis of hypertension in the course of chronic 
vlomerulonephritis. 


SAGALL 


x 


Imhof, P., and Hiurlimann, A.: Results of Com- 
parative Indirect (Auscultatory) and Direct 
(Intraarterial) Blood Pressure Measurements, 
Cardiologia 33: 2, 1958. 

The authors compared blood pressure values 
obtained with the cuff method and by intraarterial 
puncture in 40 persons 19 to 80 years old inelud- 
ing individuals with normal cardiovaseular find- 
ings as well as patients with hypertension and 
arteriosclerosis of varying degrees. The pres- 
sures were recorded simultaneously with a com- 
mereial mereury manometer (Erka) with a euff 
f 13-em. width on 1 arm and with a stiff poly- 
‘thylene catheter connected to a strain gage 
lectromanometer (Elema) in the other arm. 
‘urther details of the technic and of precautions 
ire outlined. The results were as follows: in 
tormotensive individuals systolic figures obtained 
y the cuff method proved approximately correct. 
i hypertensive patients values of the systolic 
uff pressure were too low in proportion to the 


‘egree of pressure elevation. Almost without 


xeeption, diastolic pressures determined by the 
uff method were higher than those of intra- 
rterial measurements. The magnitude of errors 
aried in individual persons with alterations in 
heir cireulatory dynamies. 


Pick 
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Chesley, L. C., and Valenti, C.: The Evaluation 
of Tests to Differentiate Pre-Eclampsia from 
Hypertensive Disease. Am. J. Obst. & Gynee. 
75: 1165 (June), 1958. 

Patients were selected on the basis of clinical 
evidence for the diagnosis of pre-eclampsia or 
hypertensive disease complicating pregnancy: 
there were 15 thought to have pre-eclampsia and 
16 with uncomplicated hypertension. Numerous 
tests were done, including the following, in order 
to differentiate between these 2 entities: cold 
pressor test, respouse to vasopressin, response 
to intravenous tetraethyl ammonium chloride 
(TEAC), sodium tolerance test, and renal clear- 
ance of urate. The blood pressure responses to 
the cold pressor test and to intravenous TEAC 
were not significantly different in the 2 groups 
and were of no differential diagnostie value. In 
pre-eclampsia the mean rise in blood pressure 
after subeutaneous injection of vasopressin was 
greater than in hypertensive women. The mean 
renal clearance of urate was depressed in pre- 
eclampsia as was the mean urinary concentration 
of sodium after sodium loading compared to the 
mean values of pregnant hypertensive women. 
Although the average values differed in the last 
3 tests, there was considerable overlapping of 
the responses from group to group. None of the 
tests was considered specific for definite diagnosis. 
The situation was not improved by using the 3 
latter tests in conjunction, for any 1 test may 
disagree with the other 2. 

SHUMAN 


Freedman, P., Moulton, R., and Spencer, A. G.: 
Hypertension and Diabetes Mellitus. Quart. J. 
Med. 27: 293 (April), 1958. 

Blood pressure was measured in 1,100 diabetic 
patients. Hypertension was defined as a diastolie 
blood pressure of 100 mm. Hg or more after an 
arm cireumference allowance had been applied. 
The incidence of hypertension increased with age 
to a maximum of 92 per cent of female and 81 
per cent of male diabetie subjects at 70 to 79 
years. The clinical impression of an increased 
incidence of hypertension among diabetic persons 
was shown to be due to the abnormal age and 
sex distribution of the diabetic population. From 
10 to 69 years of age there was no significant 
difference in the incidence of hypertension in 
the diabetic as compared with a nondiabetie popu- 
lation. Only at ages 70 to 79 years was an 
increased incidence of hypertension found in the 
diabetic group. Severe hypertension was rare in 
diabetes. Nephropathy was diagnosed in 27.5 per 
cent of hypertensive diabetic patients. 


KURLAND 
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Deming, Q. B., Hodes, M. E., Baltazar, A., Edeira, 
J. G., and Torosday, S.: The Changes in Con- 
centration of Cholesterol in the Serum of Hy- 
pertensive Patients During Antihypertensive 
Therapy. Am. J. Med. 24: 882 (June), 1958. 
The concentration of serum cholesterol was 

measured in 21 patients with advanced hyper- 
tensive disease in control periods and during ad- 
ininistration of reserpine, hydralazine, and gang- 
lionic-blocking agents. Reserpine, in the unusually 
large doses used produced no consistent signifi- 
eant fall in serum cholesterol but hydralazine, 
chlorisondamine, and meeamylamine resulted in 
® significant sustained fall. The rice diet may 
produce a similar change. It is suggested that 
there may be a direct relation between blood 
pressure and cholesterol level. 


IKXURLAND 


Baldwin, D. S., Biggs, A. W., Goldring, W., Hulet. 
W. H., and Chasis, H.: Exaggerated Natriuresis 
in Essential Hypertension. Am. J. Med. 24: 893 
(June), 1958. 

The basal sodium exeretion and the response 
to a challenge with hypertonie sodium chloride 
were studied in 22 hypertensive subjects and 13 
normotensive individuals free of eardiovaseular 
disease. Sodium and solute excretion in response 
to a challenging infusion were significantly greater 
in hypertensive than in normotensive patients al- 
though there was no difference in basal sodium 
excretion, A natriuretic response similar to that 
of hypertensive patients could be induced in nor- 
motensive patients by prolonging the infusion of 
hypertonic saline to 2 hours. Nine of 16 hyper- 
tensive patients also exereted increased sodium 
following hypotonic infusion of inulin and para- 
aminohippuric acid. Low sodium excretion in 
hypertensive patients during salt deprivation and 
abolition of the exaggerated natriuresis during 
salt deprivation indicated that the renal tubule 
in the hypertensive kidney could conserve salt 
effectively. 

KURLAND 


Lee, R. E., and Schneider, R. F.: Hypertension 
and Arteriosclerosis in Executive and Nonexec- 
utive Personnel. J.A.M.A. 167: 1447 (July 19), 
1958. 

It has long been a popular belief that there is 
association between cardiovascular disease and 
strain of executive responsibility. Few articles 
contain objective factual data to substantiate this 
thesis. A comparison was made between 1,171 
male executives and 1,203 nonexecutives (of whom 


563 were female) observed over periods averaging 


5) years in respect to evidence of arteriosclerosis 
and hypertension. This study revealed no in- 
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crease in incidence of either hypertensive or ar- 
teriosclerotic disease in the executive class. 
Hypertension appeared more frequently in sub- 
jects at lower levels of business duties. Arterio- 
sclerotic disease as a whole occurred at a sig- 
nificantly lower rate among executives than in 
persons in other work groups of comparable age 
and employed in the same office building. Three 
factors that might be concerned in the etiology 
are: success in career attainment often goes hand 
in hand with good health, the possibility that with 
greater financial income the individual is able to 
afford a higher standard of living and more com- 
plete medical care, with executive education and 
insight, these individuals may realize the valu> 
ot “eseape valves” and develop outside avenues 
of expression, such as hobbies. It appears that 
at least part of the recent emphasis on the dan- 
vers of executive life with reference to the vascu- 
lar system may be based more on knowledge of 
the exceptions rather than of the rule. 


IX ITCHELL 


METABOLIC EFFECTS ON 
CIRCULATION 

Welch, G. H., Jr., Braunwald, E., Case, R. B., and 

Sarnoff, S. J.: The Effect of Mephentermine 

Sulfate on Myocardial Oxygen Consumption, 

Myocardial Efficiency and Peripheral Vascular 

Resistance. Am. J. Med. 24: 871 (June), 195s. 

Mephentermine sulfate was, administered in 4 
types of canine preparations (intact animal, open 
chest animal, and exchange maintained isolated 
heart) to ascertain its effect on myocardial 
contractility, peripheral vascular — resistance, 
myocardial oxygen consumption, and myocardial 
efficiency. Mephentermine produced a_ positive 
inotropic and chronotropie cardiae effeet. In 
contrast to metaramine, it had little effeet on 
total peripheral resistance. It produced a strik- 
ing elevation of ventricular function curves and 
consistently lowered atrial pressures. It increased 
myocardial oxygen consumption and decreased 
external efficiency when it was administered at 
a filling pressure of 12.3 em. of water but de- 
creased myocardial oxygen consumption and in- 
creased efficiency at a filling pressure of 41.4 em. 


IX URLAND 


McCreary, A. B.: The Plasma Antidiuretic Activ- 
ity in Toxemia of Pregnancy. Am. J. Obst. & 
Gynee. 75: 1174 (June), 1958. 

A bioassay method was employed to determine 
the plasma antidiuretic hormone (ADH) aetivity 
in patients with toxemia of pregnancy. The uri- 
nary output of albino rats was determined after 
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vdration, following which the animals were re- 
vdrated and injected with 2.5 em. of test plasma 
id the urinary output was compared to that of 
ie control period. Nonpregnant hydrated females 
ere employed to provide data thought to repre- 
nt the irreducible minimum of ADH activity in 
uman subjects as revealed by this method. 
tandard eurves were obtained by dilutions of 
iown amounts of Pitressin made with plasma 
om the hydrated nonpregnant female as the dil- 
mt. The normal-term pregnant patient exhibits 
ry little antidiuretic activity. Mild pre-eclampsia 
vealed a slight difference from the normal. In 
‘vere pre-eclampsia the highest level of ADH 
tivitv was encountered. Patients with eclamp- 
a revealed a high level of ADH activity, slightly 
ss than those with pre-eclampsia. Hydration 
erapy for eclampsia sharply depressed ADH 
‘tivity in 6 of the patients to levels indistin- 
ushable from those of the normal-term pregnant 
itient. 
SHUMAN 


Genest, J.. Koiw, E., Nowaczynski, W., and Le- 
boeuf, G.: Further Studies on Urinary Aldoste- 
rone in Human Arterial Hypertension. Proc. 
Soe. Exper. Biol. & Med. 97: 676 (March), 
1958. * 
Urinary aldosterone exeretion was studied in 

human arterial hypertension of varied etiology. 

Increased aldosterone excretion was found in ap- 

proximately 55 per cent of the patients studied. 

ln particular, a very significant difference between 
the mean aldosterone exeretion of patients with 
essential, renal, or malignant hypertension as 
compared with normal subjects was demonstrated. 

‘Two patients with early asymptomatic hyperten- 
m had much greater fluctuations in serial daily 
losterone determinations when compared with 
rmal subjects. No correlation could be demon- 
ated between aldosterone excretion and sodium 
ake. However, many hypertensives had a 
her aldosterone output on a lower potassium 
ake than normal subjects. The authors sug- 
t that their data supply additional evidence 
‘an adrenal cortical disturbance in eardiovas- 
ar disease, 


IKRAUSE 


‘keres, L., Lenard, G., and Soti, J.: The Action 
f Various Metabolic Intermediates on Oxygen 
‘onsumption of Normal and Hypoxic Heart 
Muscle Slices. Arch. internat. pharmacodyn. 
15: 141 (May), 1958. 

study is presented of the oxygen consumption 
ieart musele slices prepared from normal and 
n hypoxie albino rats and ineubated in a 
lified Krebs-Herzeleit solution, with and with- 
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out added. different substrates. Hypoxia was 
produced by placing the animals in closed vessels 
containing 5 per cent sodium hydroxide to ab- 
sorb carbon dioxide. The substrates used were 
glucose, sodium pyruvate, sodium fumarate, so- 
dium succinate, sodium lactate, sodium acetate, 
and sodium citrate. Only succinate and fumarate 
increase the oxygen uptake of the slices obtained 
from normal hearts; all the added substrates 
proved effective when slices obtained from hy- 
poxie animals were used. It is suggested that 
hypoxia decreases the oxygen consumption of the 
heart because it produces depletion of stores of 
the substrates used in these experiments. 


C ALABRESI 


Szekeres, L., Faller, J., and Torok, T.: The Effect 
of Hypothermia and Drugs of the High Energy 
Phosphate and Glycogen Content of the Rat 
Heart. Arch. internat. pharmacodyn. 115: 131 
(May), 1958. 

Experiments are reported on the effeet of hy- 
poxia and of hypothermia on the content of phos- 
phocreatine, adenylpolyphosphates, and glycogen 
of the heart of albino rats. The effeet of drugs 
used to eliminate shivering during induction of 
hypothermia was also investigated. The hearts 
of animals anesthetized with urethan and rapidly 
cooled in ice-cold water showed little difference 
from controls in high energy phosphate and gly- 
cogen content. Evipan and Relaxil (Mvyanesin), 
in doses well tolerated by the uncooled controls, 
proved to be toxie for the animals in hypothermia. 
It is suggested that this is due to the slow elimina- 
tion of these drugs in the hypothermic state; 
their effeet may instead be lower rather than 
higher if the drugs are administered after cooling, 
due to their slow absorption. Smaller doses, 
added to urethan, prevented shivering during in- 
duction of hypothermia; these combinations pro- 
duced a decrease in the phosphocreatine level 
even in uncooled rats; the depletion was still 
higher in hypothermia. Hypothermia, indueed 
without premedication by exposing the animals 
to hypoxia (method of Giaja), produced a econ- 
siderable decrease in the high-energy phosphate 
and glycogen stores. Hypoxia, obtained by ex- 
posing the animals to redueed barometrie pres- 
sure, also caused depletion of high-energy phos- 
phates and preliminary cooling 
markedly decreased this effeet of hypoxia. 


glycogen; 


CALABRESI 


Szekeres, L., Lenard, G., Banhidy, F., and Torok, 
T.: The Effect of Epinephrine on Myocardial 
Metabolism of Normal and Hypoxic Rats. Arch. 
internat. pharmaecodyn. 115: 150 (May), 1958. 
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The effect of epinephrine on oxygen consump- 
tion, anaerobic glycolysis, and high-energy phos- 
phate content of slices of heart of normal and 
hypoxie rats was studied. Methods used in these 
investigations have been reported in previous 
articles. Epinephrine at 10-° M concentration 
stimulated myocardial metabolism; higher con- 
centration produced no significant increase in 
oxygen uptake. Glucose uptake was also in- 
creased; glycolysis was depressed; high-energy 
phosphate content was decreased. These effects 
were more marked when slices from hypoxie ani- 
mals were used. Also on the basis of data from 
others, it appeared that epinephrine decreased the 
efficiency of the heart muscle. As oxygen uptake 
was increased and high-energy phosphates was 
decreased, the question was proposed, but not 
solved, that epinephrine may act as an uncoup- 
ling agent. It is pointed out that the increased 
effect of epinephrine in hypoxia may be a factor 
in the pathogenesis of angina pectoris. 


CALABRESI 


Humerfelt, S., Muller, 0., and Storstein, O.: The 
Circulation in Hyperthyroidism: A Cardiac 
Catheterization Study before and after Treat- 
ment. Am. Heart J. 56: 87 (July), 1958. 

The influence of thyrotoxicosis on the cireula- 
tion was studied in 32 patients by means of ear- 
diac catheterization. After treatment with 
antithyroid drugs 15 patients were recatheterized. 
The results confirm the findings of previous in- 
vestigators that the increas? in eardiae output 
in hyperthyroidism is due primarily to an in- 
creased heart rate with changes in stroke volume 
and arteriovenous oxygen difference playing no 
significant role in most eases. However, in those 
patients with a very high cardiae output, a de- 
crease in stroke volume may be seen after treat- 
ment. The inereased cardiac output in hyper- 
thyroidism is accompanied by an elevation of 
systolic pressure in the right ventricle and pul- 
monary artery pulse pressure. Effective treat- 
ment leads to a reduction in eardiae output to- 
gether with a decrease in the systolic pressure 
and the pulse pressure in the pulmonary and 
systemic circulations. 


SAGALL 


Lostroh, A. J.: Relationship of Steroid and Pitui- 
tary Hormones to Myocardial Calcification in 
the Mouse. Proc. Soc. Exper. Biol. & Med. 98: 
84 (May), 1958. 

Calcification of the myocardium of intact 
female mice was consistently produced by the 
administration of hydrocortisone at daily dose 
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levels above 0.25 mg. The preferential site fo 
the calcification to occur was the intraventricula 
septum, and as the calcification became more ex 
tensive, the right ventricle was also effected bu 
the left ventricle was rarely involved. The con 
current administration of testosterone to th 
female aggravated the condition; however, ovari 
ectomy afforded no protection to the heart. J 
the hypophyseetomized mouse neither hydroco 
tisone nor ACTH was effective in inducing th 
deposition of calcium in the myocardium. Th 
administration of growth hormone with hydr 
cortisone or ACTH aggravated the conditio: 
Lectogenic hormone, DOCA, and Estradiol had 1 
effect. 
KRAUSE 


Grabner, G., Kaindl, F., Kohn, P., and Neumay 
A.: The Effect of Adrenaline and Nor-Adren: 
line on Hepatic Blood Flow. Ztschr. Kreislau 
forsch. 47: 405 (May), 1958. 

In 24 dogs intravenous injections of epinep!) 
rine or norepinephrine caused a_ temporary 
increase of blood flow in the hepatic vein, meas- 
ured with a thermocatheter, sometimes followed 
or preceded by a slight decrease. This decrease 
was partly counteracted by the elevation of sys- 
temie arterial blood pressure. The inerease in 
blood flow seemed to result from reflex vag: 
vasodilatation; it was inhibited by vagotomy but 
not by denervation of the carotid sinus. The in- 
crease in right atrial pressure, which often ac- 
companied the increase in hepatie blood flow, 
was attributed to smooth muscle contraction in 
the hepatic sheath. Norepinephrine usually ele- 
vated the portal venous pressure less than epi- 
nephrine. 

LEPESCHKIN 


Goodford, P. J.: Metabolic Factors and Ventricu- 
lar Fibrillation. Brit. J. Pharmacol. 13: 1/4 
(June), 1958. 

Tsolated rabbit hearts were perfused with vari- 
ous modifications of Ringer’s solution in ord:r 
to study the ease of electric induction and du- 
tion of ventricular fibrillation. Fibrillation wis 
favored by a reduction in potassium coneent) \- 
tion (e.g., below 5.6 mEq. per Liter), by tre 
addition of sodium azide, sodium monoiodoaceta 
or sodium flouride, and by prolonged omission 
glucose from the perfusate. This effeet was 
versed by adding glucose, mannose, or sodi 
pyruvate but not by sodium L (—) lactate; by 
temperature of 37 C. as contrasted with one 
32 C.; and by the addition of epinephrine. Fibi 
lation could not be induced in the absence 
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oxygen or of calcium or in the presence of twice- 
normal concentrations of potassium. 
ROGERS 


PHYSICAL SIGNS 


Burnard, E. D.: A Murmur from the Ductus Ar- 
teriosus in the Newborn Baby. Brit. M. J. 1: 
806 (April 5), 1958. 

One hundred healthy babies were examined in 
he carly hours of life. A characteristie murmur 
that lasted for a short time was audible in 37 
vatients. Babies who had shown signs of asphyx- 
iation during delivery had ductus murmurs at the 
irst examinations more commonly than those who 
‘ried and breathed normally within 3 minutes. 
The murmur that was heard resembled that of 
the patent ductus in quality, conductivity, and 
phonoeardiographie properties and hence was at- 
tributed to flow from the aorta to the pulmonary 
arteries through a patent ductus. The authors 
draw an analogy between the newborn lamb, 
where the ductus is partly contracted and a con- 
tinuous murmur is heard. They conelude that in 
the babies examined, mild asphyxia at birth was 
responsible for the majority of the murmurs and 
only a minority of the murmurs were related to a 
hody temperature above normal. . 

KRAUSE 


Matthews, M. B., and Hampson, J.: Hepatojugular 

Reflex. Lancet 1: 873 (April 26), 1958. 

The mechanism of the hepatojugular reflex was 
investigated by measuring changes in the central 
venous and intrathoracic pressure to assess the 
value of the test as an early sign of cardiae fail- 
wre. The filling pressure (intrathoracic plus cen- 
tral venous pressure) rose in all subjects, being 
\ighest in those with eardiae failure. The effect 
m central venous pressure was largely deter- 
uined by the simultaneous change in intrathoracic 
ressure. This was unpredictable, and it was 
herefore concluded that the observation of jug- 
ilar venous pressure while applying abdominal 
vessure Was unreliable as an early sign of ear- 
iae failure. In emphysema, the intrathoracic 
ressure response was more predictable but here 
he reflex was regarded more as an indieation that 
ie emphysema was severe than that there was 
ardiae failure. 


KURLAND 


PULMONARY DISEASES 
teenburg, R. W., Warren, R., Wilson, R. E., and 
Rudolf, L. E.: A New Look at Pulmonary Em- 
bolectomy. Surg. Gynee. & Obst. 107: 214 
(Aug.), 1958, 
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The surgical removal of a large pulmonary em- 
bolus was attempted first in 1908 by Trendelen- 
burg. Subsequently, 12 such patients have been 
reported to survive satisfactorily. However, ow- 
ing to the brief amount of time available preop- 
eratively and considering the high mortality and 
morbidity rates, the procedure has lost vogue, 
particularly since the advent of anticoagulants 
15 years ago. The authors, after 14 failures, de- 
seribe the first successful American experience 
with the operation. Two 10 em. long emboli were 
removed from the right pulmonary artery of a 
64 year old woman within 55 minutes after onset 
of syncope and shock. Although complications 
occurred ineluding ventricular fibrillation and 
later acidosis, myocardial infarction, and hemi- 
paresis, she recovered with minimal sequelae. The 
operation is recommended for the infrequent pa- 
tient in whom the diagnosis is reasonably elear, 
who has no major complicating disorder and who 
has not reached an agonal state. 

ROGERS 


Weidner, M. G., Jr., and Light, R. A.: Role of 
the Autonomic Nervous System in the Control 
of the Pulmonary Vascular Bed. Ann. Surg. 
147: 895 (June), 1958. 

By use of a technic for producing loealized pul- 


monary emboli by means of plastic spheres of 
varying sizes introduced through a balloon ear- 
diac catheter placed into the pulmonary artery, 
the authors found that in the dog the pulmonary 
hypertension, peripheral hypertension, hyperpnea, 
and bradyeardia associated with pulmonary embo- 
lism were reflex in nature. This reflex was ini- 
tiated only in vessels. no larger than 25 to 100 p» 
in diameter. It was m diated through the sympa- 
thetic nervous system. The hyperpnea observed 
after pulmonary embolism appeared to be medi- 
ated through the vagus nerve, sines it was not 
produced following vagotomy. The fact that sim- 
ilar physiologic phenomena were also produced 
by massive emboli with large particles indicated 
that such emboli must induce a widespread me- 
chanical blockage of the pulmonary tree. 
SAGALL 


ROENTGENOLOGY 
Brasche, H.: Contribution to the Technique of 

Aortography. Fortschr. Geb. Réntgenstrahlen 

88: 669 (June), 1958. 

Dye injection into the lower abdominal aorta 
was made best through a lateral approach toward 
the body of the third lumbar vertebra, by means 
of the Deneke cannula, which has a lateral open- 
ing and thus avoids accidental direct injection 
into the renal arteries. Injection of procaine pre- 
vious to aortography prevented vascular spasm, 
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General anesthesia with barbiturates was pref- 
erable as it led to muscle relaxation, which per- 
mitted better feeling of the progress of the ean- 
nula and as it allowed repetition of the aortog- 
raphy even after accidental para-aortic injection. 
Of 30 aortographies none resulted in serious com- 
plications. In 1 patient with occluded aorta the 
inferior vena cava was filled with dye, without 
causing any untoward effects. 
LEPESCHKIN 


Kaindl, F., Mannheimer, E., and Thurnher, B.: 
Lymphangiography and Lymphadenography in 
Man. Fortschr. Geb. Réntgenstrahlen 89: 1 
(July), 1958. 

The results of lymphangiography in 140 pa- 
tients were reported; the technic used has been 
deseribed by Kinmonth and also by the authors. 
In most cases only the lymphatic vessels of the 
lower limbs were studied. Possible pitfalls of 
the method used were pointed out. Primary 
changes of the lymphatic vessels were classified 
as hypoplastic and lymphectatic: these were con- 
veniently subdivided into lymphedema congeni- 
tum, precox, and tardum; Milroy’s disease, of 
which no case was observed in this study, is a 
separate entity. Secondary changes may be post- 
thrombophlebitic, post-traumatic, resulting from 
roentgen irradiation, or from pelvic inflammation. 
These changes were described in detail. It was 
pointed out that the lymphatie post-thrombophle- 
bitie changes appeared only if there was edema 
of the leg; this was interpreted as due to oeclu- 
sion of the deep lymphatic vessels and inereased 
flow and possibly also inflammation of the super- 
ficial lymphaties. With reference to previous 
reports on lymphadenography, it was found that 
the lvmph nodes in patients with lymphatic leu- 
kemia were enlarged and showed a marked en- 
largement of the “empty centers.” In Hodgkin’s 
disease the afferent lymph vessels were enlarged 
and the nodes had lost their characteristic strue- 
ture. In lymphosarcoma, reticulosareoma, mela- 
noma, or metastatic carcinoma the dye collected in 
small peripheral lakes and the efferent vessels 
were not injected. After radiation or infiltration 
therapy the lymphatic nodes were not injected. 
Although these changes were quite typical, more 
extensive experience is necessary before diagnos- 
tie criteria are established. 

CALABRESI 


Hallerbach, H., and Schaede, A.: The Diagnosis 
of Complete Transposition of the Pulmonary 
Veins. Fortschr. Geb. Réntgenstrahlen 89: 152 
(Aug.), 1958. 

Twenty cases of complete transposition of the 
pulmonary veins were reported. The finding of 
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similar oxygen content in blood samples from the 
right atrium and from a peripheral artery was 
evidence of complete admixture. The diagnosis 
of localization of the malformation, and of ae- 
companying defects may be difficult. Cardiac 
catheterization and angiography were employed; 
measurement of oxygen content of multiple blood 
samples and selective angiography may add val- 
uable information toward a precise topographic 
diagnosis. Only in cases of persistent left 
superior vena cava draining the pulmonary veins 
were the findings always characteristic. 


CALABRESI 


Moder, H.: On the Radiologic Diagnosis of Aneu- 
rysmatic Changes of the Pulmonary Artery and 
Its Differentiation from Hilar Shadows due to 
Tumors. Fortschr. Geb. Réntgenstrahlen 89: 172 
(Aug.), 1958. 

Enlargement and aneurysmatic dilatation of 
the pulmonary artery and its main branches may 
occur in congenital malformations with increased 
pulmonary blood flow, in chronie pulmonary 
parenchymal diseases causing pulmonary arterial 
hypertension, rarely in specifie arteritie diseases, 
or finally in pulmonary arteriosclerosis. The im- 
portance of a correct diagnosis, in view of the 
serious prognosis of the aneurysm, was stressed ; 
as other signs were lacking or nonspecific, the di- 
agnosis was essentially based on radiologie find- 
ings. In most patients routine radiography, and 
fluoroscopic and tomographie studies were char- 
acteristic; roentgenkymographie findings were 
briefly reported. The differentiation from hilai 
enlargement due to tumors may prove difficult. 
Four eases, 1 of hilar tumor and 3 of aneurys 
matie dilatation were presented. 


CALABRESI 


Linko, E., and Sysimetsi, E.: Clinical and Radi- 
ological Aspects of Calcification of the Mitra! 
Region. Brit. Heart J. 20: 329 (July), 1958. 
Tomograms (right and left atrial oblique pro 

jections at 20°) uneovered 24 ealeified mitra! 

valves in 68 consecutive unselected cases of rheu 
matie heart disease. Calcification was more com 
mon in those with stenosis than in those wit! 
regurgitation. It was not related to age althoug! 
it was not seen below 30 years or within the firs 

10 years after rheumatic fever. Because suc! 

caleifieation implied degenerative changes i! 

larger areas which may interfere with suceessfu 


surgery and increase mortality, tomographic ex 
amination was necessary for a reliable preopera 
tive evaluation. 


SOLOFF 
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SURGERY AND CARDIOVASCULAR 
DISEASE 


eBakey, M. E., Cooley, D. A., Crawford, E. §&., 
and Morris, G. C., Jr.: Aneurysms of the Tho- 
racic Aorta. J. Thoracic Surg. 36: 393 (Sept.), 
1958. 
The authors report a 7-year experience with 
section of thoracic aortic aneurysms in 179 
itients. Of these there were 73 aneurysms of 
e descending aorta, 50 involving the arch, 22 
oraco-abdominal aneurysms, and 34 dissecting 
ieurysms. Descending thoracic aortic aneu- 
sms were due more often to arteriosclerosis 
an to syphilis (47 per cent and 32 per cent 
spectively). The most important feature of 
cisional therapy was the need for temporary 
clusion of circulation through the affected seg- 
ent, with the attendant risks of the effects of 
creased vascular resistance on the heart and 
chemic damage to the spinal cord. Hypother- 
ia Was used for this purpose, but in the last 36 
patients a pump bypass method was employed. 
(his helped reduce the mortality rate from 27 
per cent to 19 per cent. Other factors influencing 
ortality are discussed. The graft material cur- 
rently employed is made of crimped, knitted 
Dacron, ‘The aortic arch aneurysms (mostly 
vphilitic) were obviously the most serious ones, 
aud presented a very difficult problem with re- 
sard to temporary arrest of the aortic cireula- 
tion. However, this has been eased somewhat 
ith the development of the crimped Dacron tube 
ruse as a temporary or permanent shunt along 
ith an extracorporeal bypass pump. The total 
tality in this group was 56 per cent. Thoraco- 
dominal aneurysms present the additional prob- 
u of involvement of the principal vascular sup- 
of important abdominal organs, with danger 
fatal ischemic damage to the kidneys, liver, 
gastrointestinal tract during the period of 
section and graft replacement. Efforts to over- 
ue this complication have included the use of 
pothermia, extracorporeal circulation, and tem- 
‘ary shunts. Recently the crimped, knitted 
cron tube has been employed for the purpose 
converting the temporary shunt to the perma- 
it gratt. In this series of 22 cases there were 
perative deaths. Dissecting aneurysms pre- 
ted difficult problems because of the wide 
ent of the dissection and the poor general con- 
on of most patients. Contrary to prevailing 
ief, the aortic arch was involved in only 4 of 
34 cases. In the others, the dissecting process 
se in the proximal segment of the descending 
ta. The greater frequency of lesions of the 
ending aorta in necropsy studies is probably 
lained by the greater likelihood of fatality in 


309 


these cases, whereas the dissections that start in 
the descending aorta are more apt to have a sub- 
acute course. The ascending aortic dissections 
were repaired by creation of a re-entry passage 
above with obliteration of the false passage be- 
low. Lesions arising in the descending aorta were 
treated by excision of the involved segment and 
graft replacement, sometimes also with oblitera- 
tion by suture of the false passage below. There 
were 8 deaths in the 30 cases in this series. 


ENSELBERG 


MacCuish, R. K.: Cardiac Arrhythmias Following 
Mitral Valvotomy and Their Management. Acta 
med. seandinay. 161: 125, 1958. 

This report deals with the incidence and man- 
agement of cardiac arrhythmias occurring after 
mitral valvotomy in 492 patients who had a sinus 
rhythm at the time of surgery. Atrial fibrilla- 
tion was, by far, the most common arrhythmia, 
occurring in 91 patients. There were single 
instances of nodal rhythm, complete atrioventric- 
ular dissociation, atrial tachycardia, and ventric- 
ular tachycardia, the latter 2 arrhythmias oceur- 
ring in the same patient. Two patients developed 
interference dissociation. In the arrhythmias 
other than atrial fibrillation digitalis appeared to 
be a definite factor in their production. In these 
patients, withdrawal of digitalis and administra- 
tion of potassium chloride orally resulted in a 
return to sinus rhythm in all but 1 patient. This 
single failure to return to sinus rhythm occurred 
in a patient with complete atrioventricular dis- 
sociation who died suddenly 714 hours after the 
initial onset of the arrhythmia. There was a 
higher incidence of arrhythmia in the patients 
with large hearts and in the older age groups. 
Pulmonary infarction appeared to precipitate 1 
instance of atrial fibrillation. In previously un- 
digitalized patients, atrial fibrillation was treated 
with digoxin. Generally no attempt at conversion 
of the atrial fibrillation to sinus rhythm was made 
within 14 days of operation. During this period 
spontaneous return to sinus rhythm occurred in 
13 patients. Conversion to sinus rhythm with the 
use ot both quinidine and Pronestyl was at- 
tempted in 71 patients. Sinus rhythm was re- 
stored in 57. Sixty-one patients were treated 
with quinidine, 45 initially and 16 after failure 
with Pronestyl; 47 of these were successfully re- 
verted to sinus rhythm. Twenty-seven patients 
were treated with Pronestyl, 23 initially and 4 
after failure with quinidine, with success in 10 
instances. There were no instances of systemie 
embolization. 

BROTHERS 
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Weirich, W. L., Paneth, M., Gott, V. L., and 
Lillehei, C. W.: Control of Complete Heart 
Block by Use of an Artificial Pacemaker and 
a Myocardial Electrode. Circulation Research 
6: 410 (July), 1958. 

The combined use of an artificial pacemaker 
and a myocardial wire electrode has been demon- 
strated to be an effective method of controlling 
the heart rate when complete heart block is pres- 
ent. The cardiac output and mean aortic pressure 
ot dogs have been restored to preblock levels 
through the application of repetitive stimuli to 
the ventricular myocardium. The heart rates of 
18 patients with complete heart block following 
closure of septal defects have been controlled suc- 
cessfully. Bie 


Crockett, F. B., and Norman, A. G.: Late Results 
of Direct Surgery of the Aortic Bifurcation and 
its Major Branches. Brit. M. J. 1: 727 (March 
29), 1958. 

The results of surgery performed on the large 
arteries, ranging from the aorta to the common 
femorals, are presented. Thirty patients were 
studied; 26 came to operation because of throm- 
hotic disease of the aortic bifureation or 1 or 
both common or external iliae arteries; 4 had an 
aneurysm of the aorta. Three different types of 
surgery were used: replacement with stored ho- 
mograft, replacement with plastic prostheses, and 
endarterectomy of the occluded segments. The 
hospital mortality was 7 per cent and delayed 
mortality (due directly or indirectly to the oper- 
ative procedure) added another 7 per cent mor- 
tality. Such procedures are recommended to any 
patient under the age of 60 who has a major 
arterial occlusion and desires relief from symp- 
toms. If the lesion is localized with reasonably 
good arteries on either side, direct romoval of the 
thrombus is safe and indicated. If the arterial 
disease is more widespread, a better long-term 
result will be obtained by radical resection of the 
entire aortic bifurcation and bypassing the dis- 
ease segments on each side with stored homograft. 
In patients over the age of 60 the likelihood of 
the coexistence of other atherosclerotic lesions, 
such as in the coronary blood vessels, makes the 
procedure less desirable. However, even in these 
patients who have intense pain or impending 
gangrene, the benefits of this type of surgery 
outweigh the risks. When using homograft, it is 
important to perform an end-to-side, large, lumen 
tvpe of anastomosis. Furthermore, the authors 
stress the beneficial effect of repairing the upper 
of 2 arterial blocks in the same limb. In aortic 
aneurysm when there is steadily increasing pain, 
surgery is urgently required, since this is the pre- 
“ude to rupture of the aneurysm. 


KRAUSE 
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VALVULAR HEART DISEASE 


Bakulev, A. N.: Indications and Results of Surgi 
cal Treatment of Mitral Stenosis. Khirurgiia 
32: 6, 1956. (Translation of this paper ha 
been furnished by the National Institutes o 
Health, B. S. Publie Health Service, as a par 
of their Scientific Translation Program.) 
Mitral valvuloplasty was performed in 124 pa 

tients with mitral stenosis. Preoperative diag 

nosis was based not only on auscultation, cardia 
catheterization and, recently, direct cardia 
puncture but also on “cardiohaemodynamogra 
phy.” The latter is a technic that registers th 
mechanical aspects of cardiae activity—the heai 
beat, motion of the heart, and the blood mass 
by converting mechanical events into an electri 
record, The result is a complex curve the analy 
sis of which permits accurate measurement of th 
phases of the ecardiae cycle and the efficiency o 
eardiae action. A number of characteristic sign 
were revealed that were described as pathognon 
onie for certain pathologie states. In mitra! 
stenosis, this examination gave more useful info: 
mation than ballistocardiography, rheocardiogra- 

phy, and electrokymography. Patients were di- 

vided into 5 groups on the basis of the severit) 

of symptoms. Mortality was 7.3 per cent in 
stage II patients, 21 per cent in stage III, and 

31.2 per cent in stage IV. Active rheumatie car- 

ditis was not regarded as a contraindication. In 

fact, deteriorating condition in a patient with 
mitral stenosis and active rheumatism was re- 
garded as an indication for operation. Results 
in such patients were not different from the usual. 

Postoperative complications were atrial rupture, 

ventricular fibrillation, cerebral embolism, and 

the postecommissurotomy syndrome in which 3 

patients died. Twenty-four of 28 patients in 

stages II and III had good results 1 to 3 years 
postoperatively but only 12 of 24 patients in 
stage IV had comparable results. 

KURLAND 


Killip, T., III, and Lukas, D. S.: Tricuspid Steno 
sis. Clinical Features in Twelve Cases. Am. 
Med. 24: 836 (June), 1958. 

Clinical experience with 12 patients, age 23 
52, with tricuspid stenosis, is presented with 
detailed report of 5 patients to emphasize t 
variable manifestations of the lesion. Elev 
had rheumatic heart disease with multivalvu 
involvement. Dyspnea on exertion was univers 
orthopnea and fatigue were common; chro 
edema oceurred in every patient with atrial 
rillation; intraperitoneal fluid was present 
half. On examination a low pitched coarse run 
ling diastolic murmur was heard in the third 
fifth left interspace early in patients with atr 
fibrillation and presystolic in patients with sir 
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hythm. In contrast to mitral murmurs, these in- 
reased dramatically in intensity during inspiration 
nd decreased during expiration. Pulmonary edema, 
iepatomegaly occasionally with presystolic pulsa- 
ion and prominent presystolic pulsation of the 
xternal jugular veins were often noted. X-ray 
evealed enlargement of the right atrium which 
1 3 patients was gigantic. In sinus rhythm, 
harply peaked tall and sometimes prolonged P 
vaves were noted in leads II, V,, and Vs. Esti- 
uation of the area of the tricuspid valve was 
alidated by post mortem planimetry in 1 patient. 
n 2 patients, the tricuspid valve at necropsy 
vas found less stenotie than the mitral. Al- 
hough pulmonary pressures were lower when 
ricuspid stenosis accompanied mitral stenosis 
han when the latter pas present alone, pulmo- 
iary congestive symptoms were frequent. 


KURLAND 


Cliche, P., Degeorges, M., Colonna, D., and Slama, 
R.: Mitral Stenosis without Diastolic Rumble. 
Study of 12 Cases with Surgical or Anatomic 
Verification. Arch. mal. coeur 51: 417 (May), 
1958. 

Of 206 consecutive patients with mitral stenosis 
no diastolic murmur could be heard on any ocea- 
sion in 12. All these patients had a very tight 
stenosis; in 8 patients the valve was calcified and 
immobile. The pulmonary arterial pressure was 
15 to 90 mm., while the electrocardiogram showed 
narked right ventricular hypertrophy in 11 pa- 
tients. Ten patients had refractory right ven- 
iricular failure. Only 12 patients showed a 
napping first sound or reduplicated second 
ound; these did not show mitral ecaleifieations. 
‘en patients had a holosystolic mesoeardiae mur- 

ur, not propagated to the axilla. This murmur 
as not due to mitral regurgitation, as this was 

it felt in 5 operated eases, and stenosis was 

‘ry tight in the rest. In 5 patients it was 
‘used by tricuspid regurgitation, since systolic 

‘patie pulsation was present, while in others it 
uuld result from turbulence in the dilated pul- 

onary artery. Absence of the diastolic murmur 
as probably due to the small size of the mitral 

ening, and possibly also to elevated left ventri- 
lar diastolie pressure. Recognition of mitral 

‘nosis, and avoidance of confusion with mitral 

eurgitation in these cases is of great clinical 

portance. 


LEPESCHKIN 


esen, K. H., and Warburg; E.: Isolated Aortic 
Stenosis—The Late Prognosis. Acta med. sean- 
dinav. 6: 437, 1958. 

Forty-two patients with isolated aortie stenosis 
‘re the subjects of a long-term follow-up study 
.dertaken to contribute further to the deserip- 
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tion of the natural history of aortic stenosis. 
This group of patients consisted of 31 men and 
11 women with an average age of 52.9 years at 
the first observation made during the years 1933 
to 1949. The follow-up study was done in 1955 
and 1956 and the period of observation varied 
from 6 to 23 years. The clinical diagnosis was 
not limited to patients presenting the classical 
signs and symptoms but was also made on pa- 
tients with a loud, rough, aortic systolie murmur 
combined with roentgenologie evidence of cardiac 
enlargement and isoelectric or negative T, or left 
axis deviation. The classical combination of 
symptoms of aortie systolic murmur, thrill, faint 
or absent aortic second sound, and anacrotie pulse 
was found in only 3 of 18 patients (17 per cent) 
examined at autopsy. Fourteen patients (33 per 
vent) had a history of rheumatie fever. At the 
time of follow-up 39 patients had died at an 
average age of 55.5 years. Thirty seven of the 
deaths were directly connected with the aortic 
stenosis or its complications. Cardiac symptoms 
first occurred at an average age of 47.2 vears and 
there was a mean survival time of 8.8 years after 
onset of symptoms. Angina pectoris occurred in 
52 per cent at an average age of 50.7 years with 
an average survival time of 4.7 years. Syneope 
occurred in 22 per cent at an average age of 46.5 
vears and allowed an average survival of 3.2 
vears. Congestive heart failure occurred in 23 
of 29 patients (79 per cent) followed closely to 
time of death. The average survival time after 
onset of congestive failure was*less than 1 year. 
Atrial fibrillation appeared in 3 of 22 patients 
(14 per cent). Although arrhythmias were not 
frequent, they were associated with a shortened 
survival time in the instances in which they oe- 
curred. Likewise, definite roentgenologic evidence 
of cardiac enlargement was associated with a 
shorter survival time. Systemic arterial embo- 
lism did not oceur in the series. This study 
confirms the fact that isolated aortie stenosis is 
a progressive disease with a grave prognosis and 
points up the need for a more effective form of 
therapy. 
BROTHERS 


OTHER SUBJECTS 


Greene, B. A.: Cardiac Output and Total Periph- 
eral Resistance in Anesthesiology. Clinical 
Applications. J.A.M.A. 166: 1003 (Mar. 1), 
1958. 

Observing changes in blood pressure and heart 
rate alone may not be sufficient in the manage- 
ment of anesthesia in complicated and prolonged 
operations in “poor risk” patients. The impor- 
tant problems here are the prevention and treat- 
ment of circulatory derangements. Stroke-volume 
formulas are ideal for the investigation of fluc- 
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tuations in blood pressure. The clinical anes- 
thesiologist can estimate cardiac output and total 
peripheral resistance with ordinary clinical data. 
In doing this the author employs evaluation and 
interpretation of the pressor effect of 90-degree 
passive elevation of the lower extremities (the 
“L” position or maneuver). Although here 
formulated as a diagnostic test, the “L” position 
(or its equivalent in the counterpressure gar- 
ment) is more valuable in prophylactic and ther- 
apeutic treatment than the “head-down” position 
in the prevention of venous pooling. The most 
significant finding of the 90-degree leg raising 
maneuver is a quick, early rise (fleeting or sus- 
tained) in systolic pressure (greater than 10 
mm. He). This is unequivoeal evidence of a 
rise in cardiac output and reveals venous pooling. 
KITCHELL 


Wang, K. C., and Howland, W. S.: Cardiac and 
Pulmonary Evaluation in Elderly Patients be- 
fore Elective Surgical Operations. .J.A.M.A. 
166: 993 (Mareh 1), 1958. 

A 12-lead electrocardiogram, a_ballistocardio- 
gram, a 1-breath ventilation test for vital capa- 
city, and a 0.5-second expiratory capacity test 
were incorporated as part of a preanesthetie 
evaluation program for 482 geriatric patients. 
Two hundred and twelve of these were between 
60 and 90 years of age and in this group the 
incidence of unfavorable test results as well as 
postoperative complications was higher than in 
the vounger age group. There was an increase 
in the ineidenee of postoperative complications 
in patients having abnormal ballistocardiograms 
and ventilatory defects. There was little correla- 
tion between electrocardiography and the subse- 
quent course of the individual patient, indicating 
that the usual method of evaluation of preopera- 
tive risk by clinical impression is of little value 
in geriatric patients. It is believed that evidence 


of degenerative cardiopulmonary disease may 


often be elicited in the older age groups and 
serves as a guide for anesthesia and postoperative 
therapy. 

KITCHELL 


Bigler, F. C.: The Morphology of Clubbing. Aim. 

J. Path. 34: 237 (March-April), 1958. 

A study of the pathologie changes in the left 
thumb of 29 control specimens and 10 specimens 
from individuals who had elubbing of the fingers 
is presented. In clubbed fingers the nailbed 
volume was greater than in the control nailbed 
(in thickness by about 2 mm.). This was produced 
by large primitive looking fibroblasts in a retieu- 
lar network. Surrounding this were extravaseu- 
lar lymphocytes and eosinophils. In a few clubbed 
lingers there were increased coils of arterioven- 
ous capillary type anastomoses. Edema and 
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thickening of the periosteum were present and 
in a few cases there was the same type of loosely 
textured reticular network of primitive fibro- 
blasts on the periosteal surface. In 1 case in- 
creased deposition of collagen accounted for the 
increased thickness. These changes, particularly 
in the periosteal lesions, are similar to the changes 
in the bones in hypertrophic osteoarthropathy. 
The author points this out as a similarity in 
pathogenesis and a factor for possible bette: 
understanding of the clubbing process. 


HARVEY 


Bar, C. G., Zeilhofer, R., and Heckel, K.: The 
Cardio-Respiratory Effects of Funnel Chest. 
German Med. Monthly 3: 113 (April), 1958. 

In 16 patients with funnel chest, pulmonary 
and eardiae studies showed that the hemodynamic 
consequences of funnel chest were similar to 
those of constrictive pericarditis. This finding 
may explain the cardiovascular features of fun- 
nel chest. Although in the advanced stages of 
this disease right heart failure is a prominent 
finding, there was no evidence of right ventricular 
or pulmonary hypertension in the studied cases 
of this report. Pulmonary functions were found 
to be within normal limits except for a_ slight 
increase in residual volume. The authors point 
out that severe functional impairment is to be 
expected only in cases of severe chest deformities 
and that in these patients surgical intervention 
may be indieated, if only from the eardiae view- 
point. 

SAGALL 


Raab, W.: Loafer’s Heart. Arch Int. Med. 101: 

194 (Feb.), 1958. 

The title refers specifically to our motorized 
nonexereising population. The author claims 
that there is statistical and experimental evi 
dence that lack of physical exercise can contribut 
to the development of degeneration of the myo 
cardium and possibly atherosclerosis. In the “in 
active” heart he states that there is a pathologic 
adrenergic preponderance. This is probably duc 
to an inactivity-induced deterioration of echolin 
ergie counterregulatory mechanisms. If this b: 
true, physical training programs would be on 
way that the over-civilized and pampered worl 
could eseape further myocardial degenerativ: 
disease. 


KRAUSE 


Kartagener, M.: The Significance of Hereditary 
Conditions in the Genesis of Acquired Hear 
Disease. Cardiologia 31: 79 (Fase. 1), 1957. 
A number of instances are reported of familia 

occurrence of coronary thrombosis or coronary 
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usufficiency, for instance, in parents and _ chil- 
lren, in siblings, and in twins. In such observa- 
ions the author sees further evidence that an in- 
ierited predisposition must be present for the 
equisition of extraneous cardiovascular diseases. 


Pick 
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Errata 


Various authors have requested that the following changes be made in their published 


papers: 


Dern, P. L.: Postural hypotension. Variations in different drugs and different patients. 


Cireulation 18: 348, 1958. 


On page 348, paragraph 3 under Method, should read “If D, is the blood pressure 
(systolic or diastolic) in the standing posture during drug action . . .” 


BentivoGciio, L. G., Urtecuio, J. F., WALbow, 


A., Likorr, W., AND GoupBerG, H.: An 


electrocardiographie analysis of sixty-five cases of mitral regurgitation. Cireulation 


18: 572, 1958. 


On page 575, table 5, Lead V,, Group Range, 56.0 under LVH should be 36.0; table 
5, Lead V,, No. pts.. — (INC) under RVH & IRBBB should be 1. 
On page 576, table 6, Lead V;-V,4, No. pts., 48 (N) and 17 (PRO) under Total 


should be 49 (N) and 16 (PRO). 


On page 577, table 8, R/S Ratio in Lead V,, No. pts., 37 (N) under Total should 


be 27. 


On page 578, table 9, R Wave in V,; + S Wave in V;-V¢, No. pts., 18 (N) under 


Total should be 19. 


Forp, A. B., Aanp HeLuerstern, H. K.: Work and heart disease. I. A physiologic study 
in the factory. Circulation 18: 823, 1958. 
On page 831, line 13, should read “. . 
off the job than on it.” 


. workers may expend energy at a higher rate 
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Joint Report of the Research and Social Committees of the 


International Society of Cardiology, Session in Brussels, 
September 15 and 19, 1958 


The Research Committee and the Social 
Committee of the International Society of 
Cardiology met in Joint Sessions on Septem- 
ber 15 and 19, 1958, to discuss matters of mu- 
tual interest and responsibility. Members of 
the Committee on Nomenclature and invited 
experts participated in the meetings. A list of 
participants is attached to this Report. Mem- 
bers of the Committees continued these dis- 
cussions between the sessious to obtain agree- 
ment. The results are embodied in the follow- 
ing Report to the Council of the Society : 


1. Activities and Responsibilities of the 

Committees 

The Research and Social Committees recog- 
nize their important responsibilities, especially 
between the Congresses themselves, in the pro- 
motion, on a world-wide basis, of cardiological 
knowledge and practice and in the campaign 
against cardiovascular disease. The Commit- 
tees believe that it is highly desirable to in- 
crease their activities in the discharge of those 
responsibilities with particular emphasis on: 

(a) The examination of the needs and the 
potentialities of international cooperation in 
cardiovascular research and in the social prob- 
lems related to diseases of the heart and blood 
vessels. 

(b) The standardization of methods, tests 
and the reporting of findings in research, es- 
pecially in surveys, field researches, and other 
studies on or pertaining to populations and 
statistical analysis. The Committees believe 
that in regard to terminology, nomenclature, 
and classification they have interests in com- 
mon with the Committee on Nomenclature. 

(¢) The promotion of the international epi- 
demiological approach to the study of the eti- 


ology, natural history, and the possibl: 
prevention of cardiovascular disease. This ap 
proach should be joined with the approache 
by way of laboratory experiments and clinica 
observations so as to bring all useful scientifi 
disciplines to bear on these problems. 

(d) Cooperation with the Committee o: 
Nomenclature, as suggested above, in the de 
velopment of definitions and classification con 
cerned with cardiovascular disorders and 
characteristics for the special purposes of r« 
search on populations. The Committees ask 
consideration of the desirability of forming 
a Tripartite Committee on Research, Social 
Problems and Nomenclature which, it would 
be hoped, would continue its deliberation and 
activity between as well as during the World 
Congresses. 

(e) Assistance in the development of more 
active cooperation between national and loca! 
heart societies, and their respective researc! 
and social committees, and all other organiza- 
tions, especially the International Cardiologi- 
cal Society Research Foundation, that ca 
contribute to the campaign against heart an 
blood vessel diseases throughout the world. 
Among the goals of such cooperation are i 
creased provisions for the exchange of 1 
search experts as well as of students and fi 
lows, the formation of international resear: 
teams and groups and the formulation of ¢ 
operative and collaborative projects and pi 
grams. 

2. Standardization of Methods and Reporti 

The increasing use of comparisons betwe 
results in different laboratories and in diff 
ent populations, as a research tool, is a 


plauded by the Committees, but it is noted tl 
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urance about the validity of such compari- 

is is essential. The Committees insist on the 

‘at importance of standardized methods and 

- reporting of findings in uniform, clearly 

fined and objective terms with the least risk 

confusion in regard to interpretation. Em- 
asis should be placed on reporting the ac- 

il findings without recourse to interpreta- 

n, which would follow later. Accordingly, 

» Committees note : 

a) An objective classification of electro- 

‘diographiec findings has been developed and 

being applied in surveys in Greece, Japan, 

nland, Italy, Yugoslavia as well as in the 

‘ited States of America. Without endorsing 
the details of this system, it is agreed that 
sume such system, after further testing and 
modification, may be recommended for appli- 
cation in wider research, not to supplant the 
usual clinical interpretation but simply to 
provide an agreed framework suitable to sta- 
tistical analysis without prejudice to any in- 
terpretation. 

(b) Tentative forms for recording the his- 
tory, present health, personal habits and the 
findings in the physical examination, with par- 
ticular reference to the needs in surveys on 
cardiovascular disease, have been developed 
an are now being tested in surveys in the 
countries mentioned above. One form is in- 
teided for screening purposes ; a second form 
provides for recording more detailed informa- 
tien coneerning persons suspected of having 
cardiovascular disease. Both forms provide for 

comments and interpretation by the physi- 

n but their special feature is the provision 

‘recording fuller details on signs and symp- 

is in a manner suitable for statistical anal- 

s. The Committees endorse the principles 

bodied in these forms. 

¢) The Committees note the need for simi- 

standardization in objective reporting of 
findings in radiological examinations as 


| as in other tests and measures that may 
used in surveys on heart disease. There is 
ticular need for standardization in meth- 

for the measurement of cholesterol and 
er lipids in the blood. The Committees urge 
t efforts be made to establish an interna- 
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tional center for the control and calibration of 
blood lipid measurements. 


3. Epidemiology of Cardiovascular Disease 


The epidemiological approach to the study 
of the etiology of cardiovascular disease so far 
has been applied on little more than an explor- 
atory basis but it has already provided valu- 
able information. The need for further devel- 
opment in this area is clear. The Committees 
urge: 

(a) Exploration of possible avenues of fi- 
nancial support for international research on 
the epidemiology of diseases of the heart and 
blood vessels. There is a particular need for 
long-term support of programs aimed at dis- 
covering the prevalence, incidence and prog- 
nosis of cardiovascular disease in populations 
differing in the mode of life, including diet, 
physical activity, personal habits and mental 
stress, as well as in race and possible genetic 
constitution. Further, the Committees urge: 

(b) The development of strictly comparable 
survey and follow-up studies in a considerable 
number of countries and population groups 
so as to cover the widest possible range of the 
parameters concerned. It is essential to adopt 
a common battery of tests and measurements 
as well as of basic items to be covered in the 
history and the physical examination. Similar 
attention should be given to the investigation 
of the diet, physical activity and social cus- 
toms. It is important in such comparative in- 
vestigations to consider the requirements for 
the eventual separation of the variables by 
analysis of the combined findings from many 
separate studies on population groups. The 
participation of international teams in such 
programs is recommended to assure identity 
of methods and criteria as well as to promote 
international understanding and friendship. 

(c) The Committees call attention to cur- 
rent discussions, plans and operations in many 
countries in regard to the epidemiology of 
cardiovascular disease. Among the countries 
concerned, and in which there is strong en- 
dorsement of the idea of international cooper- 
ation in such research, should be mentioned 
Italy, Japan, India, Israel, Finland, Norway. 
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Denmark, Sweden, the Netherlands, Greece, 
Rumania, Spain, Yugoslavia, South Africa 
and the United States of America. In many 
of these and other countries there is need for 
assistance from experts in various scientific 
disciplines as well as for financial help. The 
Committees note with approval the recent 
steps taken by the World Health Assembly of 
W.H.O. to aid in the promotion of epidemio- 
logical research on incommuniecable diseases, 
including cardiovascular disease. It is hoped 
that the International Society of Cardiology 
and the constituent national societies will play 
an active role in this development. 

(d) The Committees believe it is important 
to recognize the necessity in planning as well 
as in the operation of such epidemiological 
studies to provide for the joint efforts, in 
closely integrated teams, of physicians, bio- 
physicists, biochemists, physiologists, statisti- 
cians, social anthropologists, geneticists, and 
public health administrators. 

(e) In the selection of areas and population 
groups for epidemiological study attention 
should be paid to the importance of including: 
(1) areas where it is believed that widely dif- 
fering frequencies of cardiovascular disease 
may be found, (2) areas exhibiting great con- 
trasts in the mode of life, especially in the 
diet, (3) areas where the available statistics 
suggest discrepancies or special problems, (4) 
areas where medical standards, facilities, ete.. 
should assure the probability of obtaining the 
most reliable data. 


4. Cardiovascular Fitness 


The estimation of cardiovascular fitness is 
important in the management and rehabilita- 
tion of cardiac patients as well as in the eval- 
uation of drugs and methods of management. 
However, the development, standardization 
and interpretation of cardiovascular fitness 
tests at present is inadequate for both research 
and social needs. While admitting the diffi- 
culty of the subject, the Committees recom- 
mend: 

(a) Stimulation and support of research on 
methods for the evaluation and enhancement 
of cardiovascular fitness, with a view both to 
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the needs for exact research and for practice 


application with a minimum of equipment an 
specialized personnel. 

(b) Formation of study groups and exper 
panels to give continued attention to the need 
in this field. 

(¢) Attention to the concept of positir 
health in addition to recognition of degre 
of disability. 

5. Other Items 


The Committees call attention to the ne 
for more prolonged discussions on all of tl 
items mentioned in this Report. Interim mee 
ings and participation of,members in inte 
national research should aid in this regard. 


Participants in the Joint Committee Meeting: 
at Brussels, Sept. 15 and 19, 1958. 

Paul D. White, U.S.A., General Chairmai 
Gunnar Bidrek, Sweden, and Ancel Key 
U.S.A., Vice-Chairmen. 

Members of the Nomenclature Committee; 
Charles Kossmann, U.S.A., and Vittorio Pud 
du, Italy, Co-Chairmen. 

Members of the Research Committee: Ance! 
Keys, U.S.A., and Paul D. White, U.S.A. 
Co-Chairmen; Mariano Alimurung, Philij 
pine Islands; John F. Brock, U. of South 
Africa; P. Duchosal, Switzerland; Nobor 
Kimura, Japan; J. Lequime, Belgium; I 
quin Malmros, Sweden; Vittorio Puddu, 
Italy; Paul Soisalo, Finland; and E. Wol! 
heim, Germany. 

Members of the Social Committee: Gunn: 
Bidrek, Sweden, Chairman; H. KX. Hellerstei:: 
U.S.A., and S. Padmavati, India, Vice-Chai 
men; William Evans, England; Rog 
Froment, France; Charles Kossmann, U.S.A 
Blas Moia, Argentina; and F. van Doore 
Belgium. 

Invited Participants: E. Cowles Andr 
U.S.A.; Henry Blackburn, U.S.A.; E. Bleg 
Norway ; Josef Brozek, U.S.A.; Jaeques Ci 
lotti, France; Francis Chamberlain, U.S.A 
A. Condorelli, Italy; Joseph Doyle, U.S.A 
Frederick H. Epstein, U.S.A.; J. Green, | 
rael; Tybjaerg Hansen, Denmark; Pentti H 
lonen, Finland; Martti Karvonen, Finlan 
Louis N. Katz, U.S.A.; Felix E. Moo 
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S.A.; Maurice Nellen, U. of South Africa; 

Papapanayotu, Greece; Arrigo Poppi, 
aly; Gibert Quoralto, Spain; Charles H. 
ammelkamp, U.S.A.; P. Ryland, Belgium ; 

M. Suzman, U. of South Africa; Louis 
ogelpoel, U. of South Africa; James Watt, 
S.A.; Robert Wilkins, U.S.A.; and J. 
ranklin Yeager, U.S.A. 


EW ATTENDANCE RECORD SET AT 
AHA SCIENTIFIC SESSIONS 
A new attendance record of 2352 physicians 
d scientists was set at the Association’s An- 
ial Scientific Sessions in San Francisco. 
«lical students, nurses, volunteer leaders 
d staff from Heart Associations raised total 
tendance at the AHA Annual Meeting to 
most 3500. Additional interest in the meet- 
« was fostered by the Scientific Sessions for 
Clinicians and joint sessions with the Ameri- 
can Society for the Study of Arteriosclerosis 
il the Microcirculatory Conference. 


1959 SUBSCRIPTION RENEWALS 
Renewals for 1959 subscriptions of Cir- 
ulation and Circulation Research, official 
journals of the American Heart Associa- 
tion, may be made directly through the pub- 
isher, Grune and Stratton, Ine., 381 
\‘ourth Avenue, New York 16, N. Y. Sub- 
riptions may be renewed in this manner 
bv members and non-members of the Amer- 
an Heart Association. 


EPIDEMIOLOGICAL STUDIES 
CONFERENCE SCHEDULED 
\ closed conference to discuss methods of 


‘ining more uniform data in epidemiologi- 


studies of atherosclerosis and hypertension 

be sponsored jointly by the American 
rt Association and the National Heart In- 
ite on April 24-26, at the Princeton Inn, 
weton, N. J. 


INTERIM CHAIRMAN NAMED 

FOR RESEARCH COMMITTEE 
harles H. Rammelkamp, Jr., M.D. of 
veland, has been named to serve as interim 
irman of the Association’s Research Com- 
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mittee until February, 1959, filling the unex- 
pired term of A. C. Corcoran, M.D., who has 
resigned. Franklin D. Johnston, M.D., Ann 
Arbor, Mich., continues as the Committee's 
Vice Chairman. 


INFORMATION BUREAU FOR 
RHEUMATIC DISEASE STAFFS 
To assist in the collection and dissemination 
of information on professional personnel in 
the rheumatic disease field, the American 
Rheumatism Association has established a 
committee for exchange of information con- 
cerning faculty appointees and fellows. In- 
quiries about fellowship and traineeship op- 
portunities and faculty and other staff vacan- 
cies should be addressed to Currier McEwen, 
M.D., New York University College of Medi- 
cine, 550 First Avenue, New York 16, N. Y. 


AHA-USPHS STATEMENT URGES 
FLU VACCINE FOR CARDIACS 

A statement recommending that cardiovas- 
cular patients obtain vaccinations against 
influenza has been issued jointly by the 
American Heart Association and the U.S. 
Public Health Service, as follows: 

‘*Experience has shown that patients with 
heart or lung diseases are more susceptible 
to the hazards of influenza than is the general 
population. This increased risk is shown by 
more severe illness and by higher case fatality 
rates among patients with these diseases. 
Patients with, or prone to, pulmonary con- 
gestion secondary to heart disease are an 
especially high risk group. 

‘*Studies with influenzal vaccine have clear- 
ly shown that its use significantly reduces 
the incidence and probably the severity of 
influenzal infection, in the presence of local 
or widespread epidemics. Furthermore, use 
of the vaccine is contraindicated only in those 
patients who are allergic to the components 
of the vaccine. The type of local and systemic 
reactions to vaccine have not been such as 
to constitute any significant hazard to pa- 
tients with cardiac disease. 

‘*Therefore, the American Heart Associa- 
tion and the Public Health Service, through 
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its National Heart Institute, wish to call these 
facts to the attention of all physicians 
throughout the country. It is further urged 


that persons with cardiovascular disease con- 
sult their physicians as to the advisability 
of obtaining influenzal vaccination.”’ 


MEETINGS CALENDAR 


March 17-19: National Health Council, Chicago. 
Philip E. Ryan, 1790 Broadway, New York 19, 
N.Y. 

April 6-9: American Academy of General Practice, 
San Francisco. Mae F. Cahal, Volker B’lvd. at 
Brookside, Kansas City 12, Mo. 

April 12-13: American Society for Artificial In- 
ternal Organs, Atlantie City. Charles K. Kirby, 
110 Maloney Building, Philadelphia, Pa. 

April 15-17: American Surgical Association, San 
Francisco. W. A. Altemeier, Cincinnati General 
Hospital, Cincinnati 29, Ohio. 


April 20-24: American College of Physicians, 
Chieago. E. R. Loveland, 4200 Pine Street, 


Philadelphia 4, Pa. 


May 3: American Federation for Clinical Research, 
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Atlantic City. George E. Schreiner, Georgetown 
University Hospital, Washington 7, D.C. 

May 3-4: American Society for Clinical Investiga- 
tion, Atlantic City. S. J. Farber, 550 First 
Avenue, New York 16, N.Y. 

May 5-6: Association of American Physicians, 
Atlantic City. Paul B. Beeson, Yale University 
School of Medicine, New Haven 11, Conn. 

May 26-29: American College of Cardiology, Phila- 
delphia. Philip Reichert, 480 Park Avenue, New 
York 22, N.Y. 

June 3-7: American College of Chest Physicians, 
Atlantie City. Murray Kornfeld, 112 E. Chest- 
nut Street, Chicago 11, Tl. 

June 8-12: American Medical Association, Atlantic 
City. F. J. L. Blasingame, 535 N. Dearborn 
Street, Chicago 10, Til. 


ABROAD 

February 19-21: Central Surgical Association, 
Montreal, Canada. A. D. MeLachlin, Victoria 
Hospital, London, Ontario, Canada. 

July 27-30: Shaio Foundation Symposium on Car- 
diovascular Diseases, Bogota, Colombia. Alberto 
Vejarano-Laverde, 43-23 Carrera 13, Bogota- 
Colombia. 
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why all the fuss 
over potassium? 


Many physicians will recall when safe but 
potent organomercurials were first intro- 
duced. At the time there was considerable 
worry about possible potassium loss. Pa- 
tients were instructed to take foods rich 
in this mineral, and not infrequently potas- 
sium supplements also were advised. After 
enough experience was gained, it became 
evident that only the exceptional case could 
lose enough potassium to be concerned 
about. And with oral organomercurial diu- 


retics this was practically never a problem. 


Why revive the subject now? Because 
clinical experience with nonmercurial diuretics indicates most of them have such a 
specific effect on potassium that with their use very real problems must be faced. Enough 
potassium loss can lead to digitalis toxicity or to a classical overt hypopotassemia. Since a 
fair percentage of cardiacs who receive diuretics are also digitalized, this excess potassium 
excretion is clinically serious. Clinical experience is still too limited with some nonmercurial 
diuretics to say just how often such loss will occur—but warnings already have been 


sounded by some clinical investigators as to the need for potassium supplementation. 


Experience in many patients, for many years, demonstrates that potassium loss is never 


a problem when NEonyprin® is the oral diuretic. And there is no refractoriness to this 


effective oral organomercurial. 
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